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A bbr eviations
A C P
,
a cidpho sphata se
C O X
,
cyclo o xyge n as e
C R E
,
c re atinin e
D M S O
,
dim ethyls ulfbxide
y- G TP,γglut amyltr an speptida s e
H & E
,
he m ato xylin ande o sin
H P L C
,
bigbperfbm a n c eliquidchr o m atogr aphy
LC/ESトM S/M S
,
liquidcbr o m atographyele ctr o spr aylO niz atio n
-ta nde m m a ss spe ctr o m etry
L D H
,
la ctatedehydr oge n as e
N A G;ル ･a c etyトPD -glu c o s aminida s e
N S A ID
,
n o n ster oidalanti-infla m m ato rydrugs
Pqpr o stagla ndin
R P N
,
r e n alpapilary n e cr o sis
R T-P C R
,
r e v er s etr an s c riptio n-polym er a s e chain r e actio n
S DS-P AGE
,
s odiu mdode cylsul伽e-polyaryla midegelele ctr opbor e si
UN
,
u r e a nitr oge n
Intr odu clio n
Nefir a c et am [N-(2,6-dim ethylphenyl)-2-(2- o x o-1-pyrr olidinyl) a c et amide],,a nov el
pyrrolido n ederiv ative, po ss e s s e s apha rm ac ologically u nlque n O Otr OPIC actio n, and
facilitate s c ognitiv efu n ctio n sin v a rio u s a nim al m odels(1, 2, 17, 2 6, 42, 44, 51, 63).
Regardingthe m e chanis m s u nderlyingits pha rm a c ologic al a ctio n, n efir a c eta m ha sbe e n
repo rted to in cr e as ethe r ele a s e of n e u r otr a n s mitte rsby a ctiv atio n ofthe lo ng-lasting
N/ Ltype Ca
2'
cha n nel(63), inter act with y- a minin obutyric acid(GA B A)- ergic a nd
cholin ergic n e u r o n alsyste m s, ande nh, an c epr otein synthe sisinthebr ain(42). Re c e ntly,the
in v olv e m e nt of an u nko wn Gi-Pr otein pathw ay rele v a nt to a ctiv atio n ofCA M P-depe nde nt
proteinkin as eandG -protein-independe ntpr oteinkin a se Cpathw aysha sbe e nde m o nstr ated
(44). Prevention ofthe a cu m ulatio nofintr a c ellular calciu mthr o ugh N- m ethyl- D -a spartate
r e c epto rcha n n els may als o c o ntributeinpart tothe a ctio n ofnefir a c et am(2).
Inboth clinic al and no n-clinic alpha rm a c okin etic studies, n efir ac et am wasfo undto
be exten sively m etaboliz ed;m o rethantw e nty m etabolites we refo u nd in se ru m, urin e, and
tiss u e s(55). The m ajo r m etabolicpathw ays ofn efir a c eta m a re sho wnin Fig. 1. In ser u m,
neflr a C et am andthe m etabolite-3(M -3)ar eide ntified asthe prim a ry c o mpo n e ntsin al1
spe cie stested, 皿d m ake up mprethan80% oftbetotalc onc e ntr atio nofne丘ra c etam a ndits
m etabolite s. In u rin e, n eflr a Cet am its elfa c c o u nted fo rbelo w4.4 %, 1.9% , and 2.8% ofthe
do s age s administered to r ats, dogs and m onkeys, re spe ctiv ely; while the distributio n
(c o n c e ntr atio n)ofe a ch m etabolitefollo wing a single o r aladministr ation ofn eflr a C et am at
3 0mg収g w asM -3(3 5.9% , 0.86m M), M -4(6.7% , 0･16 m M), M -ll(4.0%,0.09m M) and
othersfo r r ats
,
M -10(21.2% , 0.3 7m M), M -3(8.7 %, 0.2 0m M), MTll(4.3 %, 0.10m M)and
other sfordogs, and M -3(15.3 %, 0.37m M), M -ll(10･0 %, 0･23m M), M -4(9.9%, 0.24
m M) and othersfor m o nkeys. T he m etabolic patte m s e e ni hu m an u rin eis e ss e ntially
similartothatin m o nkeys altho ugh M -20w a s als oide ntified in se ru m andurine･ Inhu m an
urin e, M -20o c c upiedappr o xim ately7 %n e xt to M -3 and M
-11. T he s e m etabolicdata rais e
thepo s sibilitythat3-hydr o xylatio n(M -18) ands ubs equ e nts ulfatio n(M -
∫
lo)m aybe o n e of
thekey m etabolicpathw aysfo rdogs･
Ac c o rdingto pr e vio u sto xic ologl C al in v e stigatio n s, cha nge sin the u rin ary bladder
and ren alpapillary n ec ro sis(R P N) w ere obs e rv ed onlyin dogs giv e nalarge am o u nt of
n efir a c eta m(o ver18 0mg/kg/day)with adelayedo n set(28,3 2,5 6)･ In the u rin arybladder,
altho ugh dege ne ratio n a nd de squ a m atio n of epithelialcells and ede ma andhem o血 age of
thelamin apr oprl a W ere Obs e Ⅳ ed in w e ek 1, the s e cha ngeste nded to re c o v e r a nd bad
alm o st dis appe a red by w e ek 10, e v e n with c o山in u o u stre atm e nt. In the kidn ey,
dege n er atio n a nd hyperpla sia ofepithelialc ellsin the papila and c olle ctingdu cts with
inte rstitialc o nge stio n a nd he m orrhage w er e s e e n a土 e cr opsy pe rf♭ m ed in w e ek ll. In
ad dito n
,
e xte n siv ehe m o rrhage and papilary n e c r o sis w e r e s e e nin afe wdogsthatdied
du ring repe atedtr e atm e ntpe riods(w e ek10o rll). He n c e, epithelialc elsin the u rin a ry
bladde r
,
r e n alpapilla a nd c olle cting du cts w er e c o nside r ed to be an e arlytarget, and
m etabolite(s)in u rin e w e reinfe rr edtoplaya c e ntr alroleinthede v elopm e nt ofR P N(32).
R P Niskn o wntobe c a u s ed bydiffer e ntkinds ofc o mpo u nds s u cha s an alge sic s a nd
nonster oidal a nti-inflam m ato ry drugs (N S A IDs, 3, ll, 35, 62), 2-br o m o ethyla min e
hydr obr o mide (7, 49), or D - o rm aplatin (36). Regarding NSA IDs-indu c ed R P N, dire ct
cytoto xic a ctio n(47,61)oris che micinjuryto r e n al m edulary c ellsthr o ugh inhibitio n of
the v a s odilato r effe cts ofre nalpr o staglandin s as a r es ult ofcyclo o xyge n a s einhibitio n(3,
5 0)hasbe e nindic ated a s a nimpo rtantc o ntributo r. Ho w e v er,thepr o c e ss ofr e n al dam ageis
ge n e r allyin sidio u s andr e n al fun ctio n s ar e o洗e n s e v e r elyc o mpr o mis ed befわr ethe c o nditio n
be c o m e s obvio u s(6,14, 25, 58).
The refo r e
,
the pr e s e nt study w a spe rfo rm ed to elu cidate pathophysiologic al
char acteristics ofn efir a c eta m-indu c ed RP Nandits underlyingm e chanis m.
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Fig. I Majo r m etabolic pathw ays ofn efir a c etam ･ M: m etabolite･
C hapt紺 且･ Co mpre払e m s豆v e e v a且tl a伽 m ofc a nin e r e n alpapil丑a ryn e c r o sis
豆ndⅦ c e姐by甘且e鮎 a ceta m, a meu F O甘r a m s mis sio n e nha n c e r
Stl m m ary
Efe cts of n efir a c eta m
,
a n e u rot ans mission enha n c e r, o n rehalbio chemistry a nd
m o rphologywithto xicokin etic dispo sitio n wer ein v e stigatedin bothin viv oandin vitr o
system s. In thein viv o studie s withr ats,dogs, a nd m o nkeys, o nlythedog e xhibitedR P N.
Briefly, whe nbe agledogs w er e o r ally dministe r ed 3 00mg/kg/dayofn eflr aCet am O Ver11
w e eks,de c re a s ed urin ary o s m oticpre s s u r e w a s n otedfr o m w eek 5, follo wed byincr e a s e sin
urin e volu m e a nd u rin ary la ctate dehydrogen as e(LDH) fro m w e ek 8. The flrSt
m orphologl C al cha nge w a s n e cr o sis f du ctal epithelialc ellsinthe p 叩ilain w e ek8. In
to xicokin etic s a洗e r3- w e ek repe ated o r al administr atio nto dogs, n efir a c et am sho w ed
s o me whathigh con c e ntr atio n sin s e ru m andthe renalpapilla a s c o mpa red with rats and
m o nkeys. As fわr m etabolite s, altho ugh m etabolite-18(M -18)co n c e山r atio nin the r e n al
papilla ofdogs wasbetw e e nthatin r ats and m o nkeys, the c o n c e ntr atio n r atio s ofM -18in
the papilato cortex a ndpapillato m edulla w er e re m arkablyhigh･ In thein vitr o studie s,
while n efir ac et am its elfsho w ed n o effe cts o nthe synthe sis ofpr o staglandin(P G)E2 and
6-keto-P G Flα, a Stable m etabolite of PGI2, 1n C ani e r e n alpapillary slic es, o nly M -18
am o ngthe m etabolite s cle arly de c re a s edboth PG synthe sis･ T he ba s alP Gsynthe sisin
c anin e renalpapillary slic e s w as e xtr e m elylo w r elativ etotho s ein r ats and m o nkeys･ Take n
togethe r, c ertainfacto rs s u ch asba s al PGsynthe sis, M -18pe n etr atio nintothe re n alpapila
le adingto a nintr ar e n algr adie nt, 弧d i 血ibito ry pote山ialof M-18o nP Gsynthe sis w ere
co n sider edtobe c ru cial forthe o c c u rr e n c e of R P N indogs.
O bjectiv e
Tbepr e s e nt study w a s c a 汀iedo ut to elu cidatethe clinic opatbologl C alchara cteristic s
inthede v elopm e nt ofn eflr a C eta m-indu c ed R P Ns e e n onlyindogs, andto shedlighto nthe
pr opo sed m e cha nis m s c o ntributingtothe spe cie sdiffer e ncesin bothin viv o and in vitr o
syste m s.
M ate rials and m ethods
Che mic als
Nefira c et am a nd its 4 m etabolite s, M -3, M -ll, M -18, a nd M-20w e re synthe siz ed in
the A kita Fa ctory o rRe s e ar ch Te chn ologyCe nter of Daiichi Pharm a c e utic al Co. , Ltd
(Tbkyo,J叩 a n). M -3 w a sthe m ain m etabolitein se m m oral spe ciestestedincludinghu m a n
and in urin e ofr ats a nd m o nkeys, and w as also apre c u r s o rofM -ll. Indogu rin e,the m ain
m etabolite, M -10, w as an extr em elyunstable s ulfate ofM -18and conjugatio n usuallyledto
deto xic ation. M -20w asidentifled in hu m an se r u m andu ri e, a nd its m etabolitepattem in
hu m an w a s essentially simila rtothatin m o nkeys. The refore, M -3, M -ll, M -18a nd M -20
w er e s ele cted forthe pr e s e nt study a s m ain m etabolite s of n eflr a C eta m. Ibupr ofe n, an
N S A ID, w a spu r chas ed fr o m Sigm a Che mic al Co. (St. Lo uis, M O, U S A). All other
che mic als andr e age nts w e rethehighe stgr ade a v ailablefro m c o m m er cials o u r c e s.
Anim als
Male Crj:C D(SD)IGS r ats(21 ト255g) aged 7 w e eks, m ale L R Estr ain be agle s
(6.9-13.0kg)aged appr o xim ately7 m o nthsto 5 year s, andfe male cyn o m olgu s m o nkeys
(2.9-3.4 kg)agedapproxim ately6ye ars w er e u s ed. Sin c ether e w a s n o s e xdiffer e n c einthe
on set of R P Nin dogs(27, 31, 55), either s e x w as u s ed in the pr e s e ntin v e stigatio n. The
anim als were ho u s ed under co ntr olled conditio n s at a te mper atur e of20-26
oC
,
a r elativ e
hu midity of35-80% , alightingcycle of12 h(fro m8:00to 20:00e a ch day)and15or m or e
changeflter edairnl. Co Ⅱ 皿 e rCialdiets w ereglVen ad libitu m andthe anim als w er e allo w ed
丘e e a c c es sto w ate r e x c ept o nthe s amplingdayfo rurine or s er um . In this study, thefirst
do sing w e ek w as de sign ated a s w eekl･ Alle xpe rim e ntalpr o c edu re s w er eperfo rm ed in
a c c o rda n c e with the in -ho u s eguidelin es ofthe ln stitutio n al Anim al Car e a nd Us e
Co m mitte e of Daiichi Pba m a c e utic al Co, Ltd.
7Tim e c o urse cha nges in re n al to xicityin dogs ajier r epe ated oral administration of
nejir a c etam .
Nefir a c et am w as administe r ed o r ally at3 00mg化g/dayin agelatin c apsule to 3
gr o ups of 3-4 dogs e a ch:gr o up1,tr e ated fo r8 w e eks;gr o up2,tre ated forll w e eks;gro up
3
,
tr e atedfo r8 w e eks, and u ntre atedfor3 2w e eks. In an addito n algro up, the anim als
re c el V lng agelatin c aps ule alo n e, c o rr e spo ndingtogr o up3, w e re u sedas contr ols･ Thedo s e
of3 00mg/kg/day w as chos e nbe c a u s eR P Nin dogs glV e nthis do s e w a sm orphologlCally
obs e rv ed ov er anll- w e ektr e atm e nt(3 2). At the e nd ofe a chtr e atm e ntperiod, the dogs
w e rekilled for clinic opathologic ale x amin atio n･ Pe riodic urin alys e s andblo od biochemical
a n alys e s w e re pe rf♭m ed befわr ethe sta rt oftr e atm e nt, onc e aw eek 丘o m w e eks 1to 12,
e v erytw o w e eksfr o m w e eks 13to 24, and e v eryfo u r w e eksfr o m w e eks25to 40. Urin e
w a s a c c u m ulated in a c olle cti ngtr ay C O Oled o nic efor appr o xim ately 17h. Du ringthe
c olle ctio n
,
anim als w e redepriv edoffo od and w ate r. A洗e r c e ntrifugatio n(4oC, 1500rpm ,
10min)ofc olle cted u rin e, appr o xim ately5 m L ofthe s upem atant w a sfilter edthr ough a
m e mbr a n efilte r(0.8トL m, DIS M IC-25cs, A D V A N TEC,Tbkyo, Japan). A2 ふmLs ample of
thefilte red s upe m atant w as appliedo nthedispo s able c olu m nP D-10(Sephadex@ G-25 M,
A m ersham Bio scien ces U K Ltd., Bu ckingh am shir e, U K)and3.5 mL of0.0625 M Tris-HCl
(pH 6.8) w a s u s ed fo r elutio n. In fr esh u rin e, o s m otic pr es su r ew a s me as ur ed with an
o s m om eter(m odel3 C 2, Adv anc ed In stru me nts, In c. , Norw ood, M A, U S A). Pr otein,
creatinin e(C RE), y-glut amyltr an speptidas e(y- GTP), and N- acetyトP- D-gluc os aminida se
(N A G)c o nte ntsinthe filter edu rin e s upe m atant;L D Hand acidphosphata s e(A CP)levels
inthe eluted urin e w e re m e as u r ed withc o m m er cially a v ailable kitspu r cha s edfro m W ako
Pu reChe mic al Indu stries, Ltd.(Osaka, Japan), Shio n ogi& Co., Ltd. (Os aka, Japan), or
K A IN O S Labor ato rie s
,
In c. (Tokyo, Japan)ac c o rdingto the m a n ufa ctu r e r
'
s in stru ctio n s.
Appr o xim ately 3.5 mL of blo od w as with dr a wnfr o mthe c ephalic v ein into atube
co ntaining polym e rgela s ase r u msepar ating age nt. Se ru m ur e a nitr oge n(U N) and CR E
w er eme asu redwithaHita chi735 0a uto- an alyz er(Hita chiLtd. , Tokyo,Japan). Pathologic al
ex aminatio n wa spe rfo r m eda鮎rthete rmin atio n ofe a chtr e atm e ntperiod. Thele氏kidn ey
of dogs w asfix ed in 1O% n e utr al buffer ed fo rm alin(W akoPur eC he mic allndu strie s, Ltd.),
e mbeddedinpar afrln W a x, Se Ctio n ed, and stain ed withhe m ato xylin and e o sin(H & E), and
e x a min edlight- mic r o scopic aly.
To xic okineticsindogs afte rrepe ated oraladministr ation ofn ejira ceta min c o mpa ris on with
tho s ein rats a ndm o nkeys.
Se ru m andr e n alc o n c e ntr atio n s ofn efir a c et am , M -3, M -11, M -18, a nd M -20 w ere
m e asu r ed after repe ated or al administr atio n of n eflr a C et am at180 mg化g/dayto10rats, 4
dogs, and4 m o nkeysfわr3 w e eks･ Thedo s e of180mg/kg/dayw a s selectedas a ste adydo se
that c a u s ed R P Nin dogs a洗e r a13- w e ektr e atm e nt(56)witho ut sev ere clinic al changes
se e n at30 mg化g/day, a ndthetre atm e ntpe riod w as s etat3 w e eksto obtainbiodistributio n
ofn efira c eta mbefo rethe o c c u rr e n c e ofs v e r etis s u ed am age s u ch a sR P N. Atter min ation,
blo od andthekidn eysfr o m al spe cie s w e r etake n2 hafte rthefinaldo s e･ Thekidneys w er e
divided into thr e epo rtio n s: c o rte x(c orte x), o ute r m edulla(medulla), a nd ir m er medulla
including papilla(papilla). Each po rtio n w a s minced and hom oge niz ed with a 2-fold
v olu m e(v/w) of O･0167 M K H2P O4 c o ntaining 7 v ol% m etha n ol. Onlyin r ats, s e ru m
s ample s w er e obtain ed fr om 5 anim als and kidn eyho m oge n ate s w e r epr epar ed fr o mthe
po oledtiny s amplesfr om lOanim als. Se ru m o rkidn ey ho m oge n ate s a mple s(100トLL),
c alibr atio n standards a mple s(20LLL), o rqu alityc o ntr ols ample s(20 pL)w asputinto a
tubeto which50い′L ofa ninte m alstandard s olutio n(20v ol% m etha n ol fo rthebla nk),100
pL of50 v ol% m ethan ol, and750トLL of 0.0167 M K H2P O4 W er e added. The mixtur ew as
v o rte x ed fo r appr o xim ately30s. Thekidn eyho m oge n ate s a mple w a sthe n c e ntrifuged at
2000rpm fo r3 min･ The mixtu r e(s er u m)or s upe m atant(kidneyho m oge n ate)w a sthen
appliedto an a ctiv atedBo ndElutC 18 100mg/1mL c artidge(Varian S amplePrepar ation
Pr odu cts
,
Harbo rCity, CA, U S A), and w a shed with 1mL of 0.0167M KH2P O4. A s ample
w as eluted with 1 mL oflOO %m ethan ol and e v apor atedto dryn e ss under c o ndito n s
pro viding N2 ga s at appr o xim ately 40
oC. The r e sidu e w asdis s olv ed in 1 o r2 mL of15
vol% m ethan ol and20pL ofthis s olutio n w asthe ninjected into ahighperfo rm an c eliquid
chro m atogr aphy (H P LC) syste m c o mprising a 600Sc o ntr oller, 616pu mp, 717plu s
a uto-s ampler, C H M- D c olu rr mhe ate r, andsym m etryC18C Olu m n(4.6 m m x75m m, 3.5pm
o r2.1 m m x150m m
,
3.5 岬1, WatersCo rpo r atio n, M ilfo rd, M A, USA). T he m obilephas e
w as10 m M a m o nium for m ate buffer(pH 4.7)/m ethan ol(1:1, v/v) or 0.2 v ol%
fo rm ate/m ethan ol(3:1 o r5:1, v/v). T he flo w r ate w as0.2to 0.3 mL/min by gr adie ntflo w.
Ele ctr o spr ay io niz atio n liquid chr o m atogr aphy- m as s spe ctr o m etry (E SI/L C/M S) w as
pe rfo rm ed wi thaT SQ7000m a ss spe ctr o m et r(Firmigan M A T,SanJo s e, C A, U S A).
Analysis ofP Gsynthe sisin c a ni e renalpapilla ryslic e s
To in v e stigate PG synthe sis in r e nalpapilary slic e s, P G c o n c e ntratio n sin the
c o ndit o n ed c ultu re m ediu m w e re me asu r ed asfわlow s. N o n-tr e ateddogs w e r ekilled by
e x s anguin atio n underpe ntobarbitalan e sthe sia(25mgn'g,iv, D ainippo nPha rm ac e utic alCo･,
Ltd.
,
Os aka
,
Japan). The rightkidney w asr e m o v ed and w asdividedv e rtic allyinto2parts･
Re n alpapillary slic e s w e repr epared a c c o rdingto the m ethod de s cribed pre vio u sly with
s o m e m odific atio n s(37,38). Brieny, pie ce sof 5- m mdiam et r w er e c ut witha c oringto ol
(V IT R O N In c. , Tu s c o n, A Z, U S A), and slic e s of appr o xim ately 300-LL m thickne s s w er e
pr epar ed withaBr e ndal N itr o ntiss u e slic er(VIT RONIn c･, Tu sc o n, A Z, U S A)inic e- c o oled
slicingbuffe r(pH 7.4). The slicingbuffe r w as c o mpo s ed of13mM H EP E S,132m M NaCl,
10m M C H3C O O Na, 4.8 m M K Cl, 1.3 m M K H2P O4, 2.5 m M CaCl2
･2 H20, and l･2 m M
MgSO4･7 H20･ Re n alpapillary slice s w er epla c edin a n o n
-tis s ue culture-tre ated 12- w ed
plate(Be cto n D ickinso n a nd Co mpa ny, Fr a nklin Lake s, N J, U S A) with 1 mL ofthe
c o ndito n ed m ediu m c o mprlSlngS e ru m-fre e andphe n olr ed-fr e eDulbe c co
'
s m odifl ed Eagle
m ediu m/F-12 Ha m's m ediu m(1:1)c o ntaining50 U/mLpe nicillin, 50LLg/mLstr epto mycin,
a nd125ng/mL amphotericin B(LIF E T E C H N O L O GIESO RIEN T A L,rN C. , Tokyo, Jap an).
T he nthe slices w er epre-in c ubated at37
oCfb∫2 也u nde r a95 % 02/5 % C O2 a加 o sphe re･
A鮎rthe pre-in c ubatio nperiod, the m ediu m w as r eplaced by 1 mL ofthe c o nditio n ed
mediu m c o ntain lng n efira c et am, M -3, M -ll, M -18, and M-20, 0.2, 1, and 5m M,dis s olv ed
in O･5 %dim ethyls ulfo xide(D MSO)s olutio n. Ibuprofen a s apo sitiv e c o ntr ol w a s u s ed at
0.1 m M . Slic e s w e r e c ultu red fo rfurthe r24h
,
a ndthe c ultu re m ediu m w a s c olle cted a nd
stor ed at -80oC untila s s ay. PGE2 and6-keto-P GFlα C O n C e ntr atio n sin the c ultu re m ediu m
were dete rmin ed witha c o m m er ciale n zym eim m u n o as s ay yste m(Amersh am Bio s cie n c e s
U K, Ltd.). Slic e s w er e w eighed and ho m oge niz edin 0.5 mL ofic e-cooleddistiled w ate r
with an U LT R ASO N IC P R O C ESSOR (V C-130, IE D A TRA D IN G CORPO R A TIO N,
Tokyo, Japan)･ To O･5 mL of ic e-c o oled distilled w ater, 0.1 mL ofslic eho m oge n ate w a s
added and pa ss edthr o ugh a m e mbr an efilte r(0.8 pm , D IS M IC-25S, A dv an c eToyo
Kaisha, Ltd･, Tokyo, Japan)･ The s olutio n w as sto redat -80oC untilas s ayed for aspartate
amin otr an sfer a s e(AST)andL D H. A s olutio n of70% pe r chlo ric acid(W akoPu r eChe mic al
lndu strie s
,
Ltd.)w as added(20pL)tothe r e m ainingho m oge n ate and mix ed w ell. A洗er
c e ntrifugatio n(4oC, 14,000rpm)fo r6 min, the re s ultant s upe m atant w a s u s edfor the
m e a s u r e m e ntofpota ssiu m. A S Tand L D Hinthe m ediu m and the s upe m atantofslic e s w e re
m e a s u r ed witha H ita chi735 0a uto m atic an alyz er(Hita chi Ltd.) and pota s si um w a s
m e a s u r ed with an a uto m atic ele ctr olyte an alyz e rM odel 710(Hitachi Ltd.). Additio n aly,to
elu cidate the bas alP Gsynthesisin n aiv e r ats and m o nkeys, re n alpapillary slic e s w e re
prepar ed andin c ubated withthe c o nditio n ed m ediu m c o ntaining0.5 % D M S Oa sin thedog
study. P G E2 and 6-keto-P G Flα c o n c e ntr atio n sin the c ultu r e m edium w er dete rmin ed.
Statistic ala n alyse s
Alqu antitativ edata ar esho wn a sthe m e ans ＋_ standard de viatio n(S.D .) at ea ch
s ampling point. In the tw o-group c o mparis o n, the ho moge n eity ofthe v ari叩･C ebetw e e n
gr o ups w a s an alyz edbyF-te st ateach s ampling point. Stude nt
'
si-te st orthe Aspin- Welch
'
s
te st w a s s ubs equ e ntly u s ed, depe nding on ho m ogeneity･ In the m ultiple c o mparis o n,
Bartlett's te st w a s u s ed fo rthe an alysIS Of varia n c e, follow ed by Dun n ett
'
s test. Forthe
qu alitative u rin edata, W ilco x on
'
sr anksu m test w as u sed･ Atw o-tailedp valu ele s stha n5 %
w a s c o n sideredtobe statistic allysignifica nt･ T hein-hou se G L Pcomputer syste m(F UJITSt
LI M IT E D
, Tokyo, Japa n)orE X S A Sv er. 5.10(Ar m Corpor atio n, Osaka, Japa n), a s o免w are
package, w a s llS edfわrthe s e a n alys e s. Fo rto xic okin eticdata, n o sta土istical 弧 alys e swe re
perfo r m edbe c a u s e ofthe s m alln u mbe r ofanim als(n - 1-5).
Re sti且ts
Re n alcha nge sindogsdu eto n ejira c eta m
Table 1giv e sthe s u m m ariz edr e n alclinic opathologlC al fl ndingsfo r r ats, dogs, and
m o nkeys. Inthe 13- w e ekr epe ated o r altr e atm e ntstudie s, n eithe r r ats n o r m o nkeys sho wed
any r e n alchange s(30,5 9). Co n v ers ely, a c c o rdingto pr evio u sdata, dogs administer ed 180
mg瓜g/day ofn eflr a C et am had in cr e as e sin u rine v olu me andurin ary protein and R PN with
he m o rrhage and c el infiltr atio n ofthe m edulla atthe scheduled killngtim e after a13- w e ek
tre atm e nt(5 6).
In the pr e s e nt study, dogs administer ed nefir a c eta m at300mg/kg/day o v e r8 w e eks
had o c c ultblo od in urin efr o m w e eks5to 32(corr espondingto r e c o v ery w e ek 24)･ The
s e v erity ofthis change be c amele s sfr o m w e ek 16. U rin ary o s m otic pre s s u r ete ndedto
de cr e as efr o m w e ek 5
,
and w as slgnific antly andpr ogr es siv elyde cr e as edfr o m w e ek7･
A鮎r r e a chingthe n adirin w e ek12(re cov e ry w e ek 4),itin cr e a s edgr adu ally, bu土didn ot
r etu rnto the c o ntr ol le v el(Fig. 2). Urine v olum e w as signiflC antlyin cre a s ed inthetre ated
dogsfr o m w e ek8 with ape akin we ek ll, andthe re afterde cr e as edv ery slo wly･ Ho w e v e r,
this cha ngebadn otr etu m edtothe c ontr olle v elby w e ek 40(re c o v ery w e ek32,Fig･ 2)･ The
u rln ∬yL D H le v elr o s ein w ek8, r e a cheditshighe st v alu ein w e ekll,bega ntode cr e as e
the r e a氏er
,
and r etu rn edtothe c o ntr olle v el in w e ek 3 6(re c o v ery week28,Fig･ 2)I U rin ary
pr oteinin thetr e ated dogsinc r e a sed 丘o m w e eks 5to 12withindividual flu ctu atio n and
statistic allysigmific antchange s w e r e s e e n aRer w e ekllA A鮎r w e ek 12(re c o v ery w e ek 4),
al也o ughstatistic alsigni丘c a n c e w a s ob e Ⅳ ed,the v alu e sorthe u rin ary pr oteinde c reased･
1 0
Sm a11but signifl C a ntin c re a se sin eru mU N and CR Ewere obser ved fr o mw e eks12
to 40(re c o v e ry w e ek32). Urin ary C R E, A CP, y- GTP, and NA Gfluctuated signiflC antly
du ring the c o u r s eofthe experim e nt, but the s e change s w e re min o r and of do ubtful
toxic ologlC al impo rta nc e.
Table1 Ov e rvie w ofr en alclinic opathologic a‖茸ndings m rats, dogs, a nd m o nkeysfollo w ]ng
repeated o r alad ministr atio n ofn erlra C eta m
Ren alpathology
No cban nge
No change
Ren alpapilraryn ecrosIS,
he m orrhageinthe m edula,
c elinfltrationinthe m edtl la
Note x a mined
Necr osis ofductalepitheliain
thepapilla
Re n alpapillary necrosis,
Seru m
cre atinine
No change
No change
No change
Urinalysis
No change
No change
pro†, vol†
Tre atm ent
period(w eek)
13
1 3
13
Anim al Dose
望望主星L+聖 地
Rat 480
Dog 60
180
30 0 5 op(J), pro(†) No cha nge
8 0PJ, vol† (†)
pro(†), LD H†
11 0PJ, vol†, Pro†, (†)
LDH† he m o血 ageinthepapilla,
c e11infltratio ninthe m edulla
1 3 No change No change也 _ _ _
Fh,e -w e ek1 01dSD rats ofbothsexes(10rats ofe achse x/gro up)w ere orauyreceivednefm c etam,3 0,12 0, or4 80
m〆kg/day h a s uspensionwith0.5% carboEym ethylc ehlose. Seve n- to eleven - m o nth-old be agles ofbothse xe s(3-4
dogs ofeachsex/group)w ere oranyre ceivednefTlra C eta m,20,60,180,o r300mgn(g/day ingelatinc apsules･
Appro xim ate&frve-ye ar- oldm ale cynom olgus m onkeys(3 m o nkeys/group)w ere oraQr re c eivedne鉦ac eta m,5,30or
1 80mgnddayirl a S uSpenSionwith0.5% c arbo町 methylceh lose ･ Pr o: u rinary protein;Vol: urine volume;OP: urinary
os m otic pressure;L D H:1actate dehydroge nase. †: staistic auysigniflC antinc re a s e;J: sta由tic al&sig戚 cantdecre a se;
(†):te nde ncyto incre ase;(J):te ndencytodecre ase.【Tsuchb,a etall ,2 003(59)]･
Atn e c r opsy, dark redfo ci inthe renalpapila w er e se nin2 of3 dogskilled in w ek
ll. After a3 21 W e ek r e c o v ery period, thekidn eyshad a ro ughs urfac e and irr egular shape
with darkr ed fo ci ofthe corte x, m edulla, and/orpapilain all dogs. Light- mic r osc opic ally,
n e c r o sis ofdu ctalepithelialc ellsinthe papilla w a s obs e rv ed inthe dogskilledin w e ek 8
(Fig. 3 B). In w e ek11,be morrbage a nd n e cr o sis ofdu ctalep池elialcellsinthepapilla w er e
obs e rv edin 2 of3 and 3of3 dogs, r espe ctiv ely. On e ofthese dogs had s e v erR P N
a c c o mpanied by m edullarytubulardilatatio n, epithelialhyperplasia ofthe colle ctingdu cts
and fo c alfibr o sis(Fig. 3C). ARer a32- w e ek r e c o v e ry period, al dogs sho wed slight to
m oder ateR P Nwithtubulardilatatio n ofthe m edulla, epithelial hype rpla sia ofthe c olle cting
ducts
,
n e cr o sis of du ctalepitheliainthepapilla, a nd de squ am ation at thetip ofthe papila
(Fig. 3 D).
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Fig･ 2 Urin a ry o s m otic pre ss u re† tl rin e v ohl m e, a nd u rin a ry la ctate dehydr oge n a s e
(L D H)v altleSin m ale dogs re c eiving r epeated o ralad ministratio n ofn efl ra Ceta m at 300
mg/晦/dayfo r8 w e eks,follo w ed by a 321 W e ek re c o v e rypcriod･
CR E: c re atinin e;Pre:pre- administr atio n;R: r e c o v e ry･ Valu e s ar e sho w n asthe m e a n sj:S･ D･(n
- 3-4). *P<0.05, * *P<0.01, signific a ntlydiffere nt&o m the co ntr ol(Student
'
si-te st)ITP<0･05
.
,
TTP<0.01, signific a ntlydiffere ntfro m the c o ntrol(Aspin- Welch
'
stest)A
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Fig･ 3 Lightmic r ogr aph ofthe re n alpapilla fro m m aledogs r ec eiv tng repe ated o ra一
administrath n ofJl erl ra C eta m at300mg/kg/day.
H&E staining.(A)Co ntr olin w e ek 40, x 4.(B)Nefira c eta min w e ek 8, Ⅹ 4.In s et: n e cr o sis
of du cta]epitheLiainthepapilla( - whe ad),highe r m agnific atio n, x 40.(C)Nefira c eta m
in w e ekI I
,
互 4･ Se v er e r en alpapillaTγ n e CrO Sis with he m o rrhage w as e en .(D)Nefir ac eta m
in w e ek40(81 W e ektreatm e nt,follo w ed by a32- w e ekre c o v ety period), x 4. Only slight to
m oderate r en alpapi]1ary n e cr o sis with desqu a m atio n at thetip of thepapilla w a s s ee n･
13
To xic okineticsin dogsin c o mpa rison withthos ein r ats and m o nkeys
Ne丘ra c eta m c o n c e ntr atio n sin s er a a ndi eachr enalportio nwere s o m e whathigherin
dogstha nin r ats a nd m o nkeys(Fig. 4). Ofthe 4 m ain m etabolites, M -3 sho w edhigher
co nc entr atio n sin allportio n s witho utspe cie sdife re n c e s. M -1l and M -20c o n c e ntr atio n sin
e achre n alpo rtio nfr o m r ats a nddogs w er e equ alto o rle s stha ntho s efr o m m o nkeys. M -18
show ed highe r c o n c e ntr atio n sin e a ch r e n alpo rtio n o nly ln m o nkeys; 0.78けg/gfo r r at
papilla, 3.30 ±1.38LLg/gfo rdog papila, and13.4 1 ±10.35トLg/gfor m o nkey papila(Fig. 4).
Ho w e v e r
,
boththe papilla to c orte x r atio a nd papilla to m edulla r atio of M-18 w ere
re m a rkablyhigh indogs(1 7.63 and 14.68, r e spe ctiv ely)relativ etotho s ein rats(3.71and
3.25) and m o nkeys(1.18 and0.98). Ratio s of the m edulato c o rte x, papillato c o rte x, o r
papillato m edullafo r n eflr a C et am and other m etabolite s w er e alm o stide ntic al(0.85to2.75
fo r r ats
,
0.94to4.02fo rdogs, and1.02to1.40fo r m o nkeys).
PGsynthe sisin c a ni e re n alpapilla ryslic e s
The m etabolite M -18at5 mM signific antlyde cr e a s ed bothPGE2 and 6･keto-PGFlα
synthe sisto17.2% and 38.5%, r e spe ctiv ely, a s c o mpa red withthe v ehicle c o ntr ols(Fig. 5)･
On the c o ntr ary, n efir a c eta m a nd its3 othe r m etaboliteshadn o slgnific antefbe cts o n eithe r
P Gsynthe sis, e v e n at5 mM . Ibupr ofe n u s ed a s apo sitiv e c o ntr olsho w edpote ntinhibitory
effe cts o nbothP G E2 and6-keto-P G Flα Synthe s e s upto 3.9% and 6.4%, r e spe ctiv ely. No
change s w er e s e e nin A S Tand L DHle akagetothe m ediu m orin pota s sium c o nte nt ofall
tr e atedslic e s.
T he re w as agr e atinter spe cie sdiffer e n c ein ba s al PG synthe sisin r e nalpapillary
slic e s. The r a nk o rde r ofP G E2(pg/mL/mg slic e) and 6-keto-P G Flα bg/mL/mg slic e)
c o n c e ntr atio n sin the m ediu m(fro mhighe st tolo w e st)w as: m o nkeys(10394･7 A: 1265･0
and 12858.2 ±1992.8
,
r e spe ctiv ely)> r ats(7668.2 ±3516.0 and4153.9 ±1966.0)> >dogs
(563.2 ±223.2 a nd751.3 ±195.2). O f 也e spe cie s u s ed,dogs show edthelo w e stba s 礼lP G
synthe sis.
14
′
- ヽ
当 250
め
･B 200
切
■
亀 1 50
ま.
旨 1 0
+
i 50
と o
Ne柄ra cetam
S
l
一 ■ ■ヽ
0
=
〟〉
u)
ミロ
ロ〉
ヽ - -
I
ロ〉
亀山､.一意
C Ⅳl P
R¢n a‖1 0 m Og¢nat¢
2$0
200
1 50
1 00
50
0
”.3
二胤 +胤⊥胤≠
S
%
C M P
⊂コRat
国 Dog
% Monkey
,.仰｡1
R¢n a‖10 mOg¢n at¢
l ^
0
コ
鵠
-J3
ロI
Ta)
ゴ.
Ld
0
+
≡
萱
80
60
40
20
0
弼･11
_J ユ曲貞LJ_.】,
S Cip⊥風量
R¢na】ho m og¢n at¢
80
60
40
20
0
i､ー.+【_汀+良
M ･1 8
S C ” P
官80
”)
･B 60
O)
i 40
Lr
O
i 20
凌 o
Re n d) ho m oge n ate
” -2O
二せ⊥止･⊥-速･-+ -□鼠JC ” P
Re n al ho m oge n ate
Fig. 4Co n c e ntr ations ofn erlraC eta m 免nd m etabolite s(” -3, ” -ll, M -18, a nd M･20)in s e r a
(S) a nd re n al corte x(C), m edulla (M), a nd papilla 伊)ho m ogen ates in rats, dogs, a nd
m o nkeys.
Nefirac eta m w asgivenorallyto10m ale rats, 4 m aledogs, a nd 4 fe m ale m o nkeys at180mg/kg/day
for3 w e eks. Tw oho u rsa触 r the fhal administratio n(day 21), the kidn eys w er edivided into 3
portio ns(c o rtex, m edulla, a ndpapilla), min c ed a nd ho m ogeniz ed wi tha 2-foldvolu m e(v/w)of
1/60 M K H2P O4 C O ntaining7 v ol% m etha n ol. Co n c e ntratio ns wer e m ea su r ed with anL C/M S/M S
syste m. Valu es ar e sho wn a sthe m e a n si:S.D.(n = 4-5)e x c eptfor ratdata(n - 1)from 10anim als,
pooled.
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Fig. 5 Effe cts of n erlr a C eta m (ⅣE F) a nd m etabolite s(M -3, M -ll, M -18, a nd ” -20) o n
pro stagla ndin 伊G)E2 a nd 6-keto -pro stagla ndin(P G)FI仇 Synthesisin c a ni e r e n alpapillary
slic es.
N EF
,
M -3
,
M -11
,
M -18
,
and M-20(0.2to5 m M), a nd ibupr ofen(IB P,0･1 m M)as apo sitiv e c o ntrol
w e rediss olv ed in 0.5 % D M S Os olutio n
,
a ndthe slic es w ere c ultur ed withthe test s olutio n sfor24
h･ Co ntrol(C O N T)slic es w eretr eチted o nly withthe c o ndito n ed m ediu m co ntainingO･5 %DM S O
s olutio n. PG E2 a nd6-keto -P G Flα 1 nthe m ediu m w ere m e as ur ed with e nzym eim m u n o ass aykits
1
.
Valu es are sho w n a sthe m e a n s±S.D.(n - 4-8). *P<0.05, * *P<0.01, signific a ntlydiffer entfro mthe
c o ntrol(Aspin - Welch'stest).ilP<0.05, signific antlydiffere ntfr o mthe c o ntrol(Du n n ett'ste st).
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D is c Ⅶs sio n
Repe ated o r aladministr atio n ofn eflr a C eta m at ahighdo s e c a u s edRP No nlyindogs･
Brieny, de c r e a s ed u rin e o s m otic pr e ss u r e w a sf
l
lrSt n oted in w e ek 5; s ubs equ e ntly, u rin e
v olu m e a nd u rin ary L D Hin cr e as ed fr o m w e ek 8. The se change sbe c am e m o st s e v er ein
w eek llor 12. HistopathologlC ally, n e cr o sis of du ctal epithelialc elsin the r e n alpapila
w a s aninitialchange observedin w ek 8whe nincr eas edu rinaryL D Ho c c urr ed. Although
c o mpo unds s u ch as a n algesics andNSA IDsha v ebe e nsho wn to e voke R PN, the re are n o
spe c泊c a nds e n sitiv ediagn o stic bio m arke rs a vilableby whichchangesinthepapila c an
bedete cted befo r eirr e v e rsible esio n s e m e rg . LD H, a cyto s olic e n zyme,ha sbe en reported
to be r elativ ely spe cific tothe distaltubules(18, 48). In co ntr a st, urin ary CRE, ACP, or
γG T P, abru sh bo rde r e n zym ein the pro xim altubules, and NAG alys o s o m ale n zym ein
thepr o xim altubule s a ndpapilla, didn otsho w any changesthat w o uldindic atepr ogr e ssin
r e n al injury. Like wis e, s m all butsignificantincre asesin s er umU NandC R Ew e r e obs e rv ed
fr o m w e ek12. Ther efo r e
,
u rl n ary L D Hw astho ughttobe a u s eful bio m arkerfo rdete cting
●
se v er eR PNindu c ed by n efir a c et am . Fu rthe m or e,basedo nthefactsthat urln ary osm otic
pr e ss u r e, a m a rke rfo r c o n c e ntr ating abilitie sin thedistaltubules, startedto de cr e a s efr om
w e ek 5 prio rtO the obs e rv ed change sin u n n ary L DH andthat the re were no e vide nt
m orphologic alchange sinthe r e n alpapila at thistim e(32), w e r egardthede cr e as edurin a ry
osm oticpre s s u re as aninitial fun ctio n ale v e ntin R P N･ Tho ughthe r eco v ery ofde cr eas ed
um nary o s m oticpr es s u re and ic r e as ed u rin e v ol um e w as v eryslo w,ther e w as ate nde n cyto
re cuper atio nby w e ek 40(re c o v e ry w e ek3 2)･
In apr e vio u s study, ofthedogsthatdiedd mingr epe atedtr e atm e ntperiods(w e ek10
o rll)s om e sho w eds e v er eR P Nwithhe m orrhage(32)I In thepr e sent study, s eve reⅣ N
with he m o rrhage w a s als o obs e rv edin w e ekll, and slight to m oder ate RP Nre main edby
w e ek40(re c o v ery w e ek32), s ugge sting thatit take s alo ng pe riod oftim eto repairthe
in c u rred m o rphologic alchange･ M e an while, the afor e m e ntio n edchangein u rin ary o s m otic
pr e s s u re w as s e e nfr o m w e ek 5, and n o m a c r o s c opI C O rlight
- micr o scopic Change s w er e
s e e nby week 4(3 2). In vie w ofthe s e obs e rv atio n s,itis c o n sideredthatifthetr e atm e nt
w er e stopped whe nu rin ary o s m oticpr e ss u reisde cr e as ed, n efir a c et am
-induc ed RPN c o uld
bepre v e ntable.
In o u rin vitro w o rk, ibupr ofe n m arkedly dec reas ed both P G E2 and 6
-keto-P G Flα
le v elsin c anin e ren alpapillary slic e s,in whicheither ofthe s eP Gsindu c e s v asodilatio n(39,
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60). While n efir a c eta mits elfsho w ed inl1ibito ry effe cts o n n eithe rP G E2 n o r6-keto-P G Flα
synthe sisin papillary slic e s, ofthe m etabolite s o nly M
-18 de cr e a s edthe synthe sis of both
PGs. Evide n c ethu s s ugge ststhat M -18 m aybe adete r min antfortheindu ctio n ofR PN in
dogs.
R P Nprovokede xperim e ntallyby a n alge sic s andN S A IDsha sbe erl n oted m ainlyin
r ats, o c c a sio n alyin r ab bits a nddogs, a ndra relyin m o nkeys(3,5, 40). Alde n a nd Frith(3)
hav e als o e xplain edthehighsus c eptibilityofr atsto R P No nthebasis ofr e n ala n a土o mic al
a ndphysiologic alcha r a cteristic s(e.g. , well-de v eloped in ner medula, u nipapilarykidneyas
in the dog, u nlike m o nkeys and hu m a n s with m ultipapillary kidney, and highurin e
c o n c e ntr ating c apa city). In additio n, Kban et al.(34)hav e s ugge stedthat thediffe r e n c ein
cyclo o xyge n a s e(C O X)distributio n within the kidn ey c a n als o c o ntribute to inte rspe cie s
differe n c e sinthe s u s c eptibilityto RPN. In thepr e se ntstudy,the spe cie sdiffere n c einbas al
le v els ofP G E2 and 6-keto-P G Flainthe r e n alpapilary slic e s w a s als o c o nflr m ed, and dogs
badthelo w e stbas alP Gsynthe sis.
Nefir a c et am -indu c ed R P Nw a s n ot s e e nin r ats and m o nkeys(27, 30, 3 1, 59). Itis
c o n sider edthatr ats didn otde v elop R P Nbe c a u s e ofthelo w c o n c e ntr atio n(0.78トLg/g)of
M -18 inthe r e n alpapilla,in spite ofthe high s e n sitivityto R P Nas m e ntio n ed abo v e. In
m onkeys,higherPGc o nte nts m ay pr ote ctfr o mthe o n s et ofRP N, e v e ntho ugh M-18, which
provoke s ade c r e as ein r e n alP Gs, r e s ulted inthe highe st c o n c e ntr atio n(13.4トLg/g)inthe
papilla. In d6gs withthelo w e stbas alP Gsynthe sis, M -18(3 3 0トLg/g)in the papilla w a s
higherthanthat(0.78LLg/g)in r ats. In addito n, the papilato c orte x o rpapillato m ed ula
c o n c e ntr atio n r atio of M -18 w a s r e m arkably high o nly in dogs. Fr o m these r es ults,
e xte n siv epe n etr atio n a ndr etentio n of M-18 into the r e n alp 叩illa w er e c o n sider edto be
c ru cialfo rthe o n s et ofn efir a c et am -indu c ed R P N. Infact
,
R P N in dogs w as obs e rv ed o nly
afte r repe ated administr atio n ofn efir a c et am fo r alo ng period,but n ot a洗e rthe sl nglelarge
do s e at500mg化g(5 7). T he s ephe n o m e n aimpliedthat a clo s e r elatio n am ongbas al PG
synthe sis, M -18pe n etr atio nintothe re n alpapilla with anintra r e n algr adie nt, andinhibito ry
pote ntialofM -18o nP Gsynthe sis m ay e xplainthe spe ciesdiffe r e n c e. In hu m an clinic al
trials
,
ther ehas s ofarbe e n n o r epo rtde aling withthe o c c urre n c e ofR P N. Thisis s uppo rted
bythe as su mptl O nthat m etabolicpatte m sin hu m a n u rin e w e rees s e ntiallysimilarto tho s e
in monkeys.
T he re w a s a c onside rable gapbetw e e nthe M -18c onc e ntr atio n(3.3 0トLg/g)in the
c anin e r e n alpapillain viv o andthe c o n c e ntratio n(5 m M: ca 13 11.5LLg/mL)thatinhibited
17
PGsynthesisin vitr o. This c a nbe, atle astpa rtly, e xplain edbythefin dingthat an e xtr e m ely
high c o nc entr atio n u nde r s e v e rein vitr o c o ndito n s(e xpo s ur etim eto M -18:24h)m aybe
r equired sin c ethe lo ng-te rm c o n stant e xpo s u re ofthe c anin e re n alpapilato M -18w a s
n e ededinthein viv o study. As onlyo n etim epoint ofar o u ndCm ax(2haAe r administr atio n)
w as s ele ctedas ato xic okin etic s a mplingtim einthepre s e ntstudy, furthe rin v estigatio n will
be n e ededto r e s olv ethe s ebypotbe s e s.
No cha ngesin ASTo rLD Hleakage o rin potas siu m c o nte nts w e re s e e nin the
c anin e r e n alpapilary slic es e xpos edto n efiracet am andits 4 m etabolite s, s ugge stingthe
abs e n c e of dir e ctcytotoxice飴cts.
As a propo s ed m echanis m, the o c c u rr e n c e ofR P Ns e e n o nlyin dogs m ay I n v olv e
de c re ased le v els ofPGs, pr e cededby pe n etr atio n ofM -18intothepapila.
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C 払apter2･ An a且ys e s of岨rin a rypr o音曲 s a ndr e n a且 m R N Aexpr essionin c an拍e
r e n a且pap豆l且a ryn c c r o sisimdⅦc ed bym e鮎 a c eta m
Su m m a ry
The occ u rr e n c e of R P Ns e e n o nly l n dogs a洗e r r epe ated o r al administr atio n of
n eflr a C eta m at a r elativ ely high dos eis du eto inhibitio n of re n alPG synthe sis bythe
n efir a c eta m m etabolite M -18. In the pr es e nt study, an alys e s ofu rin a ry protein s and re n al
mR N Ae xpre s sio n w e re c arriedo ut toin v e stigatethepo s sible e xiste n c e ofaspe cificpr otein
e xpr es sl ng Cha r a cte ristic s of R P Ne v oked by n efir a c eta m. In the sodium dode cyl
s ulfate-polya c rylamidegelele ctr opho r e si(S D S-PAGE)ofu rin ary pr oteinsfr o m m aledogs
giv e n n efir a c eta m at3 0 mg/kg/day o v e r w e eks 5toll, apr otein ofar o u nd 40kD, which
w a s n ot s e e ninthe c o ntr ol u rin e
,
andpr otein ofar o u nd 30 kD em erged in distin ctba nds.
Co n s equ e ntly, clu sterin pr e c u rs o r w a side ntifiedinthefor m e rband, andtis s ue kallikrein
pre c u rs o r w as re c ogniz ed in the latter band by liquid chr o m atogr aphy/ele ctr o spr ay
io niz atio n-tande m m as s spe ctr o m etry(L C偲SI- M S/MS). By qtl antitativ e re al-tim e r eve rse
tr an s criptio n-polym e r as e chain r e a ctio n(R T-P C R) an alysis with r enal m orphological
aspe cts,individu al flndings sho w edthat r e n al clu ste rin mR N Aw a sin c r e ased in c ertain
dogs sho w lng S e v er e r e n al ijuries, andr e n altis s u ekal ikr ein als oin c r e as edpr e s u m ably
relatedto he m odyn amic s. The s e r es ultsde m o n str ate that change sin re n alclusterin mR N A
m ay rene ctthe pr ogr es sio n or s e v e rity of R P N, wher e as upr egulation oftis s u ekallikrein
mR N Am ay playa s ubs equ e ntlyc o mpe n s atingr oleinthepr e v e ntion ofR P N.
O bje ctiv e
ln C hapter1, dogs r e c eiving n eflr aC et am at300mgn(g/daysho w ed de c rea s ed urin ary
o s m otic pre s s u r e, I n c r e as ed u rin e v olu m e and urin ary L D Hfr o m w e ek 5, 8 and 8,
r e spe ctiv ely. The s e u rin ary par am ete rs w e r e c o n sider edto be u s eful bio m arkersfo rthe
o n s et of R P N. The pr e s e nt study w a spe rfo r m edto find o ut spe cificPr Otein sexpr e ssl ng
char acteristic s ofR f Nandto s e ekforthepathophysiologl C al m e chanis m 丘o m a vle WPOint
ofthe s e a n alys e s.
M ate rials a nd m ethods
Che mic als
Nefira c et am w as synthesiz ed intheA kitaFa cto ry ofDaiichi P harm a c e utic al Co. , Ltd.
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Alother che mic als andre age nts u s ed w e r ethe highe stgr ade a v ailble fr o m c o m m er cial
S O u rC e S.
Anim altreatm ent
Atotalof16 m ale L 良Estr ainbe agle s(6.9-13.0kg)agedappr o xim ately7 m o nthsto5
ye ars w e r e u s ed. Dogs w er eho u s ed individu aly u nder c o ntr olled c o nditio n s at a
temperatu re of 21-25
oC
,
a r elativ ehu midity of40-8 0%, alightingcycle of12 h(fro m8:00
to 20:00ea chday), and15o r m o re change sfilte red airnl. The anim als w e r egiv en ca. 300g
dailyofc o m m e r cial diets a nd w er e allo w edfr e e a c c e ssto w ate r e x c eptforthetim e ofu rin e
c olle ctio n･ Ne丘r a c eta m w as administe red or ally at300mg/kg/dayin agelatin c叩 S uleto3
gr o ups of 4anim als e a ch:gr o up2,tr e ated fo r8 w e eks(anim al No s. 5,6, 7 a nd 8);gr o up3,
treated fo rllw e eks(No s. 9, 10, lland12); gr o up4, tre ated fo r8 w e eks, untr e atedfo r32
w e eks(No s･ 13, 14, 15and 1 6). In an addito n algr o up(gr o up1), anim als r e c eiving gelatin
c叩 S ule s alo n e, c o rr espo ndingto gr o叩 4, s e Ⅳ ed a s a c o ntr ol(Nos. 1, 2, 3 a nd 4). In 血is
study, thefir stdo sing w e ek w asde sign ated a s w e ek1. At the e nd ofthe re spe ctiv estudy
periods,thedogs w e r ekilled bye x s anguin atio nfr o mthe a xillary arte ry u nde rpe ntoba rbital
an e sthe sia(25mg収g,iv), andtheleftkidn ey w a s re m o v ed. The dog No. 9had o nlythe
u nilate r alkidn ey(left)atn e c r opsy. The e x cis ed kidn ey w asdivi ded intotw opartsfo r ren al
m R N Aan alysis and histopathologic al e x amin atio n s. Forhistopathologic al ex amin atio n s,
the kidn ey 佃a sfl X ed wi th1 0 %n e utr al buqer edfわrm alin, tri mm ed, e mbedded in par afrln
w a x
,
c utinto 5叫 m thick slic e s andstain ed with H & E. Alle xperim e ntalpr o c edu r e swere
perfor m ed in a c c ordan c ewiththein-ho u s eguidelin e s oftheln stitutio n alAnim alCar eand
Us eCo m mitte e ofDaiichi Pha m ac e utic alCo
,
Ltd.
S D S- 月4 G Eofurin ayy protein s
Urin e s ample s w e r e c olle ctedbefわrethe start oftre atm e nt and o n c e a w e ekfr o m
w e eks 1to llfr o mdogsin boththe c o ntr ol(gro up 1) and ll- w e ektr e atm e nt(gr o up3)
gro ups. Urin e w as a c c u m ulated in a c olle ctingtr ay c o oled o nic efbr 叩pr O Xim ately17 也.
Du ringthe c olle ctio n, the anim als w e r edepriv ed offo od and w ate r. A 洗e r c e ntrifugatio n
(4oC, 1500rpm , 10min), appr o xim ately5 mL ofthe u rin e s upe rn at nt w a sfllter edthr o ugh
a m e mbr an efilter(0.8トL m, D IS M IC-25c s, A D V A N T E C), a nd a2.5- m Ls a mple w a s applied
o nto aP D-10 dispo s able c olu m n(Sepbade x㊥ G-25 M, A m er sha mBio s cie n c e sU K Ltd.)to
re m o v einterfe ring m ate rials. T he s a mple w a s eluted with 3.5 mL of O.0625 M Tris- H Cl(pH
20
6･8) and c o n c entr atedby ultrafiltr atio n u sing a nUltr afr e e-4 c e ntrifugal flte r u nit 即iho n
M illipo r eLtd･). The con c entr ated urin e sa mple w asdiluted with0.0625 M Tris- HClbuHe r
(pH 6.8)to a chie v e a co nc entratio n of3 mg/mL and w a s mix ed with 2-fold Laem mli
s a mplebuffe r(Bio- RadLabo r atorie s, He r c ule s, C A, U S A)a鮎r adding2- m erc apto ethan ol
(1 9:1)･ The s ample w a sthe nhe ated atlOOoCfor15min, a nd10LLgOfprotein s a mple s w e re
loadedto P AGE L(10-2 0 %gr adie ntgel, A T T O C O R P O R A TI N, Tokyo, Japan)or15 %
a nd 20 %is o c r aticgels･ Thegels w er e stain ed by Co o m assie G-250(urin efr o m c o ntr oldogs,
GelCode Blu e stain r e age nt, PIE R CE, Ro ckfo rd, IL, USA)orsilver(u rine fr o mtr e ated
dogs). The an alysis w a s appliedtothe u rin e s ample sprio rto tr eatm e nt a ndin w e eks5, 8
and ll･ As de s cribed in C hapte rl, dogs gl V e n n eflr a C eta m reve aled de cr e a s ed urin ary
o s m otic pre s s u r ein w e ek 5, in cr e a s ed urin a ry L D H in we ek 8, and R PN in w e ek ll;
the r efわr e
,
the s etim epoints(4s a mpling points)w er esele cted fわrthe S DS-P AGEa n alysis.
T he u rin efr o m c o ntr ol dogstake n atllsampling points(pr e-dos eto w e ek40)w as als o
a n alyz ed as abas alr efe r e n c e.
An alysis ofurin a rypr otein sbyan LC/ESI- M S/M Sm ethod
T he s e v er al distin ct ba nds sho w l ng m u ch highe rinte n slty in po st-do s e也 m in
pr e-do s e o r appe arl ng O nlyafte rtre atm e ntinSD S-P A G Ean alysis w e re cho sen, c ut offwith
a r a z o rblade
,
and dige sted wi th25ng/pL trypsin. A允erw ard, peptide s obtain ed w e re
an alyz ed
l
by an L C/E SI- M S/MS m ethod u sing Magic 2002 H PLC syste m s(Michr o m
Bio re s o u r c e sln c･ C A
,
U S A), H T C P AL a uto-sa mple r(C T C An alytic s, Zwinge n,
Switz erland) and L CQ Dec aX P(The rmo Ele ctro nK. K. , Yokoh am a, Jap an)equipped with
an ele ctr o spr ayI o n s o u r c e. Th E SIpar am eters w e re a sfollo w s:Ion spr ay voltage, 2.0 k V;
ele ctr o sprAytip, fus ed silic a(Pic oTipF S3 60-50-15- C E, Ne w O bjectiv eln c. , M A, USA);
c apilla ryte mpe r atu r e, 200
oC; m a s s r ange, 3 50-2000m/z. The MSspe ctra wereinte rpreted
and m atchedbyu sing a M A S C O Ts e a rch e ngin ef吏o m MatrixScie n c eLtd.(46). ･
Qua ntitativ e r e al-tim eR T- P C R
Re n ale xpr e s sio n ofclu sterin o rtis s u ekallikr ein mR N A, which w?side ntifiedinthe
distin ct bands ofu rl n ary Pr Otein sby the L C/E SI- M S仇4S m ethod and c o n sidered to be
c andidate sfo r spe cific pr otein s r epr e s e ntl ng Char acte ristics ofn efir a c eta m-induced RPN,
w a s m e a s u r edby aqu a ntitativ e r e al-tim eR T-P C Rm ethod. Total R N Aw a s e xtr a ctedfr o m a
po rtio n of the r e n al papilla with an A bs olutely R N A
T M RT-P C R M iniprep Kit
21
(S T R A T A G E N E, LaJolla, C A, USA), whichin cluded D Na s etre atm e nt to r e m o v ege n omiq
D N A･ Extr a ctedtotal RNA w a s c o n v e rtedto CD N Awith c o cktails co mprlSl ng lx PCR
bufer(Applied Bio system s, Fo sterCity, C A, USA), 5 m M MgC12, 1 m M dNT Pmixtu re
(T O Y O BO cot, LTD ･, Os aka,Japa n), 1 U/LLL R Nas einhibito r(TOY O BO C O., LT D.), 2.5
U/LLL Rando m Prim er(T A K A R A BIO rN C. Shiga, Japa n), and0.125 U/LL A M V Re v ers e
Tra nscripta s eX L(TA K A R A BIO rN C.). The prim e rs andTaqM an pr obe sfor e a chtarget
w e rede sign ed byu singofaPrim e rExpr e s s(Applied Biosystem s)fo rthedete ctio n oftarget
ge n e s equ e n c e s･ Re al-tim ePCR data and an alysI S W e re C Ole cted in Applied Bio syste m s
7700Sequ e n c eDete ctio nSyste min stru m e nts(Applied Bio syste m s). T he am o u nt ofe a ch
ge n etargetis n o r maliz edto an e ndoge n o u s c o ntr ol(18S rR NA, 20x Pr e- De v eloped
TaqM an Ass ayRe age nts, AppliedBio syste m s), andthe n e xpr e sedastheratiotothe m e an
co ntr olv alu e(e a chv alu ein atre ateddog/the m e anvalu eof 3c ontr oldogs).
Tbefbllo w l ng pri m e rs a ndpr obe s w er e u s edfわrPCR.
Cluste rin:
fo r w a rd prl m er, 5
'
-A AGTGAC C AG G C C T TGC C T-3'; re v erse pn m er, 5
'
- GCG G AGTC C
AGA G G A AG GA -3';TaqM anpr obe, 5
'
- A G GC G C T C C TGTCTC CT A A C C C AG C-3
'
.
Tiss u ekallikrein :
fo r w a rdprl m e r, 5
'
- GC TG G GTCGCTA C A A C C T G T-3';re v er s eprl m e r, 5
'
- GG G A A G C T C
TCTCTGA C TGG -3';TaqM anpr obe, 5
'
- CGAG CA TGA AGA C A CGG C C CA GTT T-3' .
Statistic alAn alys e s
Thequ antitiv edata丘o m r e n alge n e e xpr essio n analysis ar erepr esentedasthe gr o up
m e an±S･D･ ate a chs ampling point. Theho m oge n eity of the v arian c ebetw e e ngro ups w as
an alyz ed by F-test at e a ch s ampling point. Stude nt
'
s i-te st or Aspin- Welch
'
s test was
s ubs equ e ntly u s ed, depe nding o nho m oge n eity. A tw o-tailed p v alu ele sstha n5% wa s
c o n sider ed statistic alysignific ant. E X S A Sv er. 6.10(Am Co rpor atio n)w as u s ed fo rthis
an alysis.
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Resti且ts
Urin a ry pr otein a n alysisbySDS- RAGE a nd LC/ESI- MS/M Sm ethods
ln u rin efr o m a r epr e s e ntativ e c o ntr ol dog(No. 3), thefolo wingtw o pattem s were
r e c ogniz ed bya c o mbin atio npr o c edu r e ofS DS-PAGE andL C/E S トM S/M S. T hepr ofile of
patte rn1(w e eks2, 4, 5 a nd 6c orr e spo ndingto2 W, 4 W, 5 W and6 W, upperpa n elin Fig.
6)c o mpris ed 2 distin ct bands at ar o und 15 kD (ba nds a a nd b), a nd pr o static tis s u e
kallikreinpr e c u r s o r w aside ntifiedinbothbands(Table2). Patte rn2(Pr e, 8W,ll W,16 W,
24 W
,
32 Wa nd4 0 W)co nsistedof6 m ajordistin ctba nds(ctoh)e x c eptfo rthe2bandsin
patte m 1. Num e rou s pr otein s s uch as albu min, s e n 皿 albu min pr e c u rs or a nd tiss u e
kallikreinpr e c u r s o r w e r eidntifiedinthosebands(Table2).
Eighte e ndistin ctbandsin u rine fr o m3 r epres entativ etr eateddogs(bandsito z,
middle a nd lo w e rpan elsin Fig. 6)sho wing differe nt severities ofr enalinjurie s a鮎r
11- w e ektr e atm e nt withn eflr a C etam , W er e also an alyz edbyLCrESI-M S/MS. Briefly,the se
individu ala nim alsin c u 汀ed o nly slightn e c r o sis of du ctalepi也eliainthep 叩i11a(No. 10),
slight n e cr o sis of du ctalepitheliain the papilla, hem o rrhagein the papila, andtubular
dilatatio nin the m edulla(No. ll), o r s ever eR PN(No. 12). Albumin, clusterin precu rs or,
tis s u ekallikrein pre c u rs o r, p o statictis s u ekallikrein pr e c ur s o r,he m oglobin s,haptoglobin s,
apolipopr otein s, ands o m e othe rpr otein s w e r e r e c ogniz ed inthe s edistin ctbands(Table2).
Am o ngtheseprotein s, clu ste rin pre c u r s o r w a s s e e nintw obands(k ando)at ar o u nd
40kDo v e r w e eks5 toll, andtis s u ekallikrein pr e c u rs or w as n oted itw obandsCiandn)
at a r o und30kD o v erw e eks 8to ll(middle pan elin Fig. 6). Thu s, clu sterin pre c u rs o r,
whichw a s n ot bs e rv ed in the c o ntr olu rine, andtissu ekallikreinpr e c u rs or, whichhasbe en
kno wn as ava s odilativ epr otein w e r e cho s e nfo rthefolo wlng ge n e e xpr e s sion a n alysis.
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No ,3
Mr
pre 2 W 4 W 5 W 6 W8W llW 16 W 24 W 32 W 40 W[kDa]
No.1 0 No-l l
｢ ｢ ｢
Pre 5 W 8 W ll W Pre 5 W 8 W ll W
No .ll
M
D
r
a
7
4
ll
Mr
[kDa】
198
115
93
50
36
2 9
21
No. 12
｢
Pr¢ 5 W 8 W
Mr
l l W [k Da]
蜘 網 細
No.12
198
115
93
50
36
1us)
29
21
Mr
k Da
1 7
1 4
ll
Fig･ 6 S DS
-P A G Epattern s of urina ry protein (10一喝)in m ale dogs re c eiving re
'
pe ated o r al
administr ation ofnefira ceta m at3 00m g/kg/day o v e rllw eeks･Inthe upperpan el(co ntrol dogNo.
3), a 0-2 0% gr adientgelw as u sed andstain ed byCo o m assie G-250. In the mi dle(tr eateddogNos. 10,
ll
,
a nd 12)a nd lo wer(tr eateddogNo £. ll and 12)pan els, 15% a nd2 0%is o cr atic gels w ere utilized
forb andsito p a ndqto w, r espectiv ely, andstain ed with silv er. The rightla n ein e a chp an elsho w ed a
m olec ular m arker. Pre:pr e
- administratio n; W: w e eks; clu s: clu sterin pre c urso r;kal:tiss u ekalikrein
pre Cu rS Or･
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rFable2 C
t
a mim e u rin a ry pr otein side mtiTled byL C/ E SI- MS/ M Sm ethod fo r s el cted ba nds
a- z s e e ni Fi 6
Ba nd No . GINo . Ⅰ)rotein Molec ularw eight
a 1 08 118 tissu ekallikrein(E C 3.4.2l.3 5) rostatic, re curs or 29 603
b 1 08 118 tisstlekallikr ein(E C 3.4,21.3 5
■
) ro static, recu rs or 29 60 3
d 6 68 7I 88albu min 71 04 6
1 97 15 65 9olym ericim mun olobulin rらce tor 40 58 4
e 6 68 71 88albumin 71 046
r 6 31 51 2 tiss uekallikrein(E C 3.4.21.3 5), prec u rso r 29675
1 31 24 699 se ru malbuminpre curs or 71 048
3 76 9 55 2 ann exin2 38985
1 31 24 69 9
6 31 51 2
2 23 47 54 1
1 23 7 74
1 31 24 69 9
6 31 51 2
se rum albuminpre cu rs or 7I 04 8
tiss uekallikrein(EC 3.4.2 1.3 5), pre c urs or 29 67 5
neutr ophilelastase
幽
seru m albu minpre c u rs or
tissuekallikrein(E C3.4.2 l.3 5),
30 47 0
12 83 7
71 04 8
reclユrS Or 29 6 75
1 6 68 7 I8 8albu min 71 04 6
J 6 68 7 I8 8albumin 71 04 6
6 31 5 12 tissue kallikrein(E C 3.4.2 1.3 5) rec urs or 2 96 75
6 687188 albumin 71 04 6
1 16 53 l cluste rin rec u rsor( CO rotein8 0) 5 24 67
123 5 I1 baptoglobin alpha and beta cbains 3702
668718 8 albumin 71046
1 22 3 68 ･he m oglobin alpha chain 1 5189
1 22 5 79 he m oglobinbetachain
7 0 19 1 he moglobin alpha-IIchain
391 560 7 apolipoproteinAJprecu rs or
1 0 8118 tissuekallikrein(E C 3.4.2 l.3 5)
1 612 8
1 53 80
3 01 78
prostatic,pre clユrS Or 2 96 03
631 51 2 tissuekauikrein(E C 3.4.2 1.3 5)precurs or 2 96 75
3 12 1 745 al 1ergenCan n rec ur s or 194 49
1 23 5 11 haptoglobin alpha and betach ains 3 70 02
6 6 87 18 8albu min 71 0 46
1 I6531 clusterin pre cu rs o r(glyco ro tein 8 0) 5 24 67
66 87 18 8 albumin 71 0 46
1 23 5 11 haptoglobin alpha and betacbains 3 70 02
892 8 189 1ysozom eC,spleenis oen zym e(1, 4-beta- N -a c etylmuramidase C) 1 5137
10 818 tissu ekallikrein(E C 3.4.2 1.3 5)prostatic,pre cu rs or 29603
r l O 811 8 tissue kallikrein(E C 3.4.2 1.3 5) rostatic, recu rs or 29 6 03
u 5441 519 ubiquitin -ri boso malprotein L4 0 fusionprotein 1 50 57
v l O8 11 8
1 25 7 81
w 1 08 118
6 68 7188
3 12 17 45
tissu ekallikrein(E C 3.4.2 1.3 5)prostaⅠic,precurs or 29 6 03
垣塑匹坐 軸
tiss u ekallikrein(E C 3.4.2 1.3 5)prostaic, precurs or 29 60 3
albu min 71 04 6
major aller e nCanflprecu rso r 1944 9
1 22 57 9 be moglobin beta cbain 1612 8
6 68 71 88albumin 71 046
1 30 40 47 fibrinogenA
-alpha
-ch ain 46 17 5
7 0191 be moglobin alpha-ⅠIchain 15 38 0
1 22 579 he moglobin beta chain 16 I2 8
12 236 8
25849 9
12 3 511
6 68 7188
hem oglobin alpha cbain 15 18 9
haptoglobin heavy chain, HpH chain 26 96 5
haptoglobin alpha and bet achains 37 00 2
albumin 71 04 6
6 68 71 88albu min 71 04 6
3 91 56 07apolipoprotein A
-Ipr e cu rs or 3017 8
1 081 18 tiss uekallikr ein(E C 3.4.2I.3 5)pr os tatic, pre c u rsor 29 60 3
No c a nin epr otein sw ereidentifled in ba nds c, s a ndt.
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Ge n e e xpr e ssio na n alysis ofcluste rin a ndtis s u ekallikreinin c a nin e ren alpapilla
Cluste rin mR N Aw asin c re as ed in w e eks8
,
11
,
and 40(8- w e ektr e atm entfollo w ed by
a32- we ekrec o v ery)as sho wnin Table3･ The str o nge stin c r e a s ein e xpres sio n w as s e e nin
w e ek ll whe nR P Nin dogs giv e n n efir a c eta minitiallybe c am e app rent(3 2), altho ugh
statistic alsignific an c e w as n oted nlyln W e ek40･ Tissu ekallikrein mR N Ain thepapilla
als oin cr e as ed in w e eks 8
,
lla nd 40･ How ev er, thelevel w a s r elativ elylo w a s c o mpar ed
withthat ofclu ste rin mR N Ain w e ekll. Ther e w e relargeindividu alv a riatio n sin both
papillaryclu sterin andtis s u ekallikrein mR N Ae xpr e sion.
Individu almR N Ae xpr e s sio n andr e n al histopathologl Cal findings ar egiv e nin Table4.
In w e ek ll
,
re n al clu ste rin mR N Asho w ed str o ng increa s es in dogs with s e v er e
m o叩bologic alcha nge s, s u ch asdu ctal epithelialn e c ro sis with bem o 汀hageinthe p 叩illa,
andR P N(Nos. 9 and12), while re n altiss u ekal ikrein mRN Aw as e xtr e m elylo w. In anim al
No･ 9
,
the re nalinjurie sindu c ed byn eflr a C et am m aybedeterior ated bythe u nilate r al kidn ey.
Fo rtw o otherdogs(No s. 10 andll)withslight to m oderate n ecr o sis ofdu ctalepithelia
and/o rhe m orrhagein the papilla without R P N, the e xpre s sio npatte rn s ofclu sterin and
tis s u ekallikrein differ ed fr o mtho s e ofthe afo r e m e ntio n ed dogs(No s. 9 and12). On edog
(No. 1 0)exhibited n o appar e ntin cr e as ein eithe r clusterin o rtis s u ekallikrein, c o n site nt
witho nlyslightm o rphologicalchanges; wher e a sthe othe rdog(No. 11)displayedr elativ ely
high clu sterin mR N Ae xpre s sio n with an equlV ale ntin cr e as ein tis s u ekallikrein mR N A
(clusterin:61.20 v s. tissu ekallikrein:42.75). Of dogs(No s. 5,6, 7 皿d8)re c eiving8- w e ek
treatm ent, o ne dog(No. 6)sho wed the str o nge stin cr e as ein clu sterin mR N Aa nd displayed
slightdu ctalepitbelialn e cr o sisin 也ep 叩ila wi也 bem orrhage. Thre e r e m aln l ngdogs w弛
e x c e edingly mildre n alinjuries de m o nstrated difere nt patte rn s of clu sterin and tis s u e
kallikrein mR N Ae xpr ession;n am ely, the dogNo. 5 had dec re ased clu sterin and m a rkedly
in c r e asedtissu ekallikr ein. Tw oother s(No s. 7 and 8)sho w eds o m ewhatin cr e as edclu sterin,
and furthe rthe dog No. 8hadslightlyin cr e a sedtiss u ekallikr ein. Fr o mthe s e r esults, the
m ea n lng Ofin c re a s e sin r e n alclu sterin a ndtis su ekallikr ein mR N Aw as equ lVOC alin dogs
withn oappa re ntr e n alinjurie s at the e arlystage ofn eflr a C et am tr e atm e nt.
A fterthe32- w e ek re c o ve ry pe riod,the dogs sho wedsimilarly mildin creas esin both
clu sterin a ndtiss u ekallibein, e xceptfわr one dog(No. 16)sho wing e xtrem elyhightis s u e
kallikrein e xpr e s sio n. T he se dogs exhibiteddesqu am atio n ofthe papillarytip and slight to
m ode r ate RP N
,
which s ugge ststhatthere w a svery slow progre s sio n ofR P Nor n o n ea氏er
26
the32- w e ekre c ove ry.
Table3 Gro叩 m ea n r C m alp pilla ry clu stc rin a nd tissue kallikrein mR NA e xpr essio n of m ale
dogs giv e n r ep ated o r aladminist柑tio n ofn erlr 且C eta m at 300mg/kg/day overllw eeks
Do se No m alized 也
Treatm ent eriod
18SrR N A
Clusterin Tiss u ekallikrein
Co ntrol 0.2 65土0.12 7
(8 W＋ 32 R W)
Ne{lraC eta m
300mg搬g/day
(8 W)
Nefira ceta m
300mgn(g/day
(ll W)
Ne丘ra ceta m
300mg収g/day
(8 W＋32 R W
ll.9土 12.6
14.7土13.4
2.30j:1.06*
0.0969土 0.110
10.2士 19.7
1.07土2.04
22.2 士43.6
Values are sho wn asthe m ean 土 S. D .(n - 4).
N/A: n otapplic able.
W: w e eks;RW: re co very w e eks.
S tatisticalsigni丘c 弧 Ce:
*P<0･O Iby Aspin- Welcb
■
stest.
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Dis c u s sio n
Urin ary pr otein s obtain ed fr o mdogs glV e n n efir a c eta m at30 mg/kg/day ove rll
w e eks w e re analyzedby the c o mbin atio n ofS D S-P AGE a nd LC/ESトM S/M Sm ethods.
Clu ste rin andtis s u ekallikrein pre c u r s or s w e r eid ntifiedin the distin ctba nds ofu ri n a ry
pr otein sbyS D S-P AGEfr o m w e eks5tollandfr o m w e eks8to ll, respectively･ In ge n e
e xpre s sio n an alysisby a qu antitativ e r e aトtim eR T-P C Rwithre n alm orphologlCalaspe cts,
papillary clu ste rin mR N Aw as m arkedlyin c re a s edin dogs sho w lng S e v er em OrPhologic al
changes, s u ch asdu ctal epithelialn e c r o sisin the papilla with he morrhage and R P N. In
c o ntr a st
,
tis s u ekallikrein mR N Aw a s o nlyslightlyin c re as edinthep 叩ila oftho s e a nim als
or m arkedlyin c r e a s edinthep叩illa ofa nim als sbo w l ng mildcha nge s.
Clu ste rinis 弧 80 k Dheter odim e ricglyc opr otein e xistingl n m a nytissu es, which ha s
be e nkno wnby n u m e r o u s n am esin cludings ulfatedglyc opr otein(SPG-2),glycopr otein 80
(G P-80), hu m an s er umpr otein (SP 40, 40), te sto ster o n e-r epre s s ed pr o state m ess age-2
(T R P M-2)o rpr otein -2(T R P P-2) and ApoJ(4, 9). Thispr oteinhasbe e nreportedto sho w
bands at35-45kDa
,
c o rr espo ndingtothe r edu c ed individu als ubumits(22).In the pre se nt
study, 2bands appe an ng at ar o und40 k Dw er ere c ogniz edto c o ntain cluste rin pr e c u rsor.
Altho ugh the pr e cis efun ctio n s ofclu sterin ha v e n otbe e n c o mpletely under sto od,ithas
be e npr opo s edto fun ctio nin the r egulatio n ofc o mple m e nt a ctivity, theprote ctio n ofc els
丘o m stre s s
,
thetr an spo rt of lipids, andspe rm m atu r atio n. Fu rthe rmor e,its produ ctio nis
als oin cr e as ed inthe e arlystage s ofn o rm alo rgan de v elopm e nt and a洗e rtis su einjurie s(2 4).
Se n sibe r etal.(53) andCor n er et al.(16)hav e s ugge stedthat clu sterin a cts asa ma rkerfわr
c ellde ath
,
andthatits e xpr e s sio nis upr egulated in v ario u s n o rmaland m align ant tissu e s
undergoing apopto sis. Aulitzky et al. (4)hav e sho wn thatle v els of urin ary and re n al
clu ste rin pr otein sin cr e as eprlO rtO Cb皿 ge Sin s e n l m C re atinin ein r ats tr e ated wi仙
ge nt amicin･ In the pr es e nt w o rk, str o ng In c r e a s e sin r e n al papilla ry clu sterin mR N A
c o n site nt withthe s e v e r e r e n alinjurie s w e r e s e e nin w e ek 11, s ugge stingthatre n aln e c r otic
ch ange s underthe r apidpr ogr e ssio n of R P Nar e ren cted inin cr e a s e sin clusterin mR N A
e xpr e s sio n.
Kallikr ein is o n e ofthe s e rin epr ote as e s, which rele as e v a s odilative kinin s &o m
kinin oge n s, and is ge n e r allycla ssifl edinto 2gr o ups,i.e. , pla s m akalikr ein(E C 3.4.21.3 4)
andtiss u ekallikr ein (E C 3.4.21.35). Plas m akalikrein is a ba sic glyc opr otein withi
m ole c ular w eightofabo utlOOkD, which ispre s e ntin blo od andrele a s e sbr adykinin, while
29
tis s u ekallikreinis a n a cidic glyc opr otein with a m ole c ular w eightofabo ut40kD, whichis
m ainlylo c atedin the s ubm a xillary gla nds,kidn ey, andpanc r e a s, andr ele aseskallidin(45).
Re c e ntly, 1 n addito nto the kn o w n clas sic altiss u ekallikrein, kallikrein-related e n zym e s
ha v e als obe e n r e c ogniz edin othe rtiss u e s, espe ciallyinthe pr o state ofm a m malia n spe cie s･
This e n zym eis cle arly a m e mbe r ofthe kallikr ein gene family, but has u nko wn
physiologic als ubstr ates(13). Mu rthy et al.(41)has de m o n str atedthat m am m alian u rin a ry
kalikr eins ar etiss u ekallikrein s ofr e n alo rlgln and akallikr ein of38.5 kD is fo u nd in
ca nin e urine. In ourin v e stigatio n, a tis s u ekallikrein pr e c u rs or w aside ntified in distin ct
bands at ar ound 3 0 k Do v e r w e eks8 and lloftre atm e nt withn efir a c eta m
,
while pr o static
tiss u ekallikreinpr e c u r s o r w asdete ctedm ainlyinthe c o ntr olu rin e a stw odistin ctbands of
appro xim ately 15kD, indic ating that tis s u ekal ikr ein pr e c u rs o r o rlgin ating fr o m the
pr o state w a sge n er ally pr edomin a ntin no r m aldogs.
Re n alhe m odyn a mics as w ella ssodiu m a nd w ate rho me ostasis w ere wellr egulated
bythe r e ni - angiote n sin syste m(R AS), re n alP Gs,kalikr ein -kinin system (KKS), and renal
dopamin e s(1 0). The R ASstim ulatio n r edu c e sthe re n alblo odflow, glo me ru1arfiltr ation
rate, and urinary s odium excr etio n, wher eas KKS pr o m ote s anincr eas ein renal
he m odyn amic ande x cr eto ry fun ctions(54). The kinin saredegraded by sever al e nzym es,
am o ng whichthe m o stimpo rtant o n eis kinin a s eII, ide ntic alto angiote n sin c o n v erting
e n zym e(A C E). Fu rthe rm or e,thekinin s stim ulateP Gsynthe sisinthekidn ey, andPG m ay
e nhan c ethe effe ct ofthekinin s and m odulate the effe cts ofthe va s o c o n stricto r
,
angioten sin
II(10). In o urpre vio u s study(C hapte r1), PG synthe sisin c anin e re nalpapilla ryslic e s w as
de c rea s edby M -18 am ongthe m etabolite sofn efir a c et am , andthis w asthought to c a u s e
ische mic injury, follo w ed by R P N. Du ring the tr e atm e nt pe riod(untilw e ek ll), dogs
sho w l ng mildr e n alinjury witho utR P Nre v e aled an upr egulatio n ofr e n alpapillarytiss u e
kallikrein mR N A. The s e r e s ults s ugge sted that a洗erthe m etabolite M -18inhibited P G
synthesisin the r e n alpapilla, c o mpe n s ato ry synthe sis of kalikr ein fo r v as odilativ ekinin
pr oduction w o uld o c c u r and c o n s equ e ntlythepr ogr es sio n ofR P Nm aybeprev e nted･ Ren al
kallikreinha sbee nknow ntobepr edo min antinthe c o rte x, wher e asthe m edulla andpapilla
ha v e a ve rylittle kallikr ein(12). In o u r re s ult , tis s u ekallikr einm R N Ae xpr e ssio n w a s
ge n e r allyhighe rinthe co rte xthaninthepapilla, and change sintheintr a-gr o up e xpr e s sio n
w e re milderinthe c o rte xtha ninthep 叩illa. Theinitialre n alm o rphologlC alcha nge s e e ni
dogs give n n eflr a C et am W a S n e Cr O Sis ofductal epithelialcellsinthe papilla(Chapte r1)･
sin c ethe co n stitution al le v el oftis s ue kallikreininthepapillais e xtre m elylo w andfurther
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P Gsynthe sisin this ar e a w asinhibited by n efir ac eta m m etabolite M -18, R P Nin dogs
sho w l ngde c r eas edtiss ue kallikr ein e xpr e ssio nin the papila m ayr efle ct a n atte n u atio n of
hem odynamic s. In othe r w o rds, the s efindings de m o n str atethatin c re as edtiss u ekalikrein
plays a c r u cialr oleintheimpr o v e m e ntof be m odyn a mic sinthe r e n alpapila.
In c o n clu sio n
,
clu ste rin a ndtis s u ekallikreinpr ecu rs o rs wereide ntified inthedistin ct
bands of u rin ary pr otein sfr o mdogs glV e nnefir acetam . T he change sin r e n alclu ste rin
m R N Am ay refle ct the pr ogr e ssion o rse v erity ofRP N, whereas upr egulatio n oftis s u e
kal ikrein mR N Am ay playa s ubsequ entlyco mpen s atingr oleinthepr e v e ntio n ofR P N.
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●
n c c r o s豆si弧du c ed byn e鮎 a c eta m
SⅦm m a ry
To as c e rtain the e arly pathophysiologlC al fe atu re sin RP N, n efir acet am w as
administer edo r allyto m alebe agledogs at300mg/kg/dayfわr4to7 w e eks. Additio n ally,to
c o mparethepr o c e ssinits o n s et,ibupr ofe n, an NS AIDthat w a s w ell-kn o w ntoindu c eR PN,
w as administer ed o r allyto an othe rdogs at50 mg/kg/dayfor5 w e eks. Du ringthe dosing
period, the anim als w er e s ubjected to labo r atory te sts, light- micros copi c,
im m un ohisto che mic al
,
and electr o n- mic r osc opic e x amin atio n s a nd/o r COX -2 mR N A
an alysis. Ofthe labor ato ry te sts, un n ary o s m otic pre s s u re, v olu m e, and L DH w e re
c o nfirm ed to be the m o st s u s c eptible bio m arke rsto RP N. Light- micr o s c opic aly,
n efir a c eta mindu c ed epithelialsw elling and dege n er atio nin the papillarydu ctsin w e ek7,
whileibupr ofe ndisplayed dege n e r atio n andn e c r o sisinthepapillaryinter stitium in w e ek5.
In im m u n ohisto che mic alstainings with CO X-2 antibody, n efir a c et am elicited a po sitiv e
r e a ctio n withininte rstitialc ells a ro u ndthe a飽cted epi也elialc ellsin the p 叩illa∫ydu cts
(upperpapila)in w e ek7, andibupr ofe n e xhibitedapo sitiv e re a ctio n withininte rstitialc ells
adjac e nt to the dege n er ative/n e cr otic le sio n sin w e ek 5. Ultr a stru ctu r ally, n efir a c et am
displayedr edu ctions ofintr a c ellularinterdigitatio n and infoldings ofepithelialc ellsin the
papilarydu cts, wher e asibuprofe n sho w ed n o change sin theide ntic alpo rtio n s･ Thu s, the
e arly m o rphologicalchangeinthepapillabr o ught abo utby n eflr a C et am W a Squitediffere nt
fr o mthat elicited byibupr ofe n. In the r e n alpapilary COX -2 mR N Ae xpr e ssio n an alysis,
n eflr a C et am markedly de cr e a s ed its e xpr e s sio nin w e ek 4, butin c r e a s ed in w e ek 7,
s ugge sting an indu ctio n of C O X-2 mR N A by r e n al papillary le sio n s･ The s e r e s ults
de m o n str ate that the epithelialc ellsin thepapillarydu ctsistheprl m a rytargetSitefo rthe
o n s etof R P Ne v okedbyn eflr a C eta m.
O bjectiv e
The pre se nt study w asperfo r m edto cla rifythe e arly pathophysiological fTeatu re sin
R P Ns e e nin dogs or ally giv e n n efir ac eta m at 300
‾mg化g/day fo r4 to 7 w e eks, in
c o mparis o n withtho s einibupr ofe n, a nN S A ID, at5 0mg/kg/dayfo r5 w e eks･
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Mate ria且s a nd m et払ods
C he mic als
Nefir a c et am w as synthe siz ed inthe A kita Factory ofDaiichiP ha rm a c e utic alCo.,
Ltd･ Ibupr ofe n w a spu r cha s edfr o mSigm aC he mic al Co. Allothe r che mic als and re age nts
w e rethehighe stgrade a v ailable 丘o mco m m e r cials o u r c e s.
Anim al Tr e atm e nt
Atotalof22m aleLREstr ain o rNo s anbe agle s(8.9-12.6kg)aged appr o xim ately17
to 19m o nths w er e u s ed. Dogs w ereho u s edindividu aly u nder c o山r oledc o ndito n s a‡ a
te mperatur e of2 ト25
oC
,
a r elativ ehu midityof 40-80 %, alightningcycle of 12h(fro m8:00
to 20:00e a chday)and15or m o re changesfilte r ed airnl･ T he anim als w er egiv e n c a. 300g
daily ofc o m m ercial diets and w ere allo wed free a c c e ssto w ater e x c eptfo r urin e o r se ru m
c o11e ctio n･ They w er edivided into6groups asfollows. Gr o upI,inta ct c o ntr olgr o up(No s.
1
,
2 and3);Gr o up2, n efir a c et am tre atm entgr o up at300mg収g/dayfo r4 w e eks(No s. 4, 5,
6
,
and 7);Gr o up3, n efir a c et am tre atm entgro up at300 mg化g/dayfor5 w e eks(No s. 8,9,
10andll);Gr o up 4, n efir a c et am tr e atm e ntgr o up at300mg/kg/dayfo r6 w e eks(No s. 12,
13
,
14a nd15);Gro up5, n eflraC et am gr O uP at30 mg/kg/dayfo r7 w e eks(No s. 16, 17, 18
and19)and Gr o up6,ibuprofengroup at50mg化g/dayfor5 w e eks(No s. 20, 21and 22), In
this study, the flr Stdo sing w e ek w asdesign ated as w e ek1. Periodiclabo r ato ryte sts w er e
perfo rmed indogs &o m gr o ups1(n o n-tr e atedc o ntr ol), 5(nefir a c et am fo r7 w e eks), and 6
(ibuprofe nfor5 w e eks)befo r ethe c o mme nc e m e nt oftre atm e nt and w e eklyther e after. At
the e ndofthe respe ctiv etr e atm e ntperiods,thedogs we re･kiledbye x s anguin atio n丘o mthe
a xillary arte ry underpentoba rbital an e sthesia(25mg/kg,iv, Dainippo nPha m ace utical Co. ,
Ltd.), andthebilate r al kidn eys w ere re mov ed. Allexperim entalpr o c edure s w er ep rfo rmed
in a c c o rdan c e withthe in-ho u s eguidelin e s ofthe In stitutio n al An im al Car e and Us e
Co m mitte e ofDaiichiPhar m ac e utic al Co
,
Ltd.
Labo r atoryte sts
The labor atory te sts w e re c o ndu cted to m o nitor the e arly alte r atio n sin
nefira c et am -indu c ed R P Nwhich w as cha r a cte riz edbydecre asedurinary osm otic pres s u re,
in c r e ased urin e v olu m e and urin ary L D Hwithtrivial in cre a s e sin s e ru mCR Eand U Na s
m ention ed in Chapter1. Urin e a nd blo od w e re c ole cted, and u rin ary o s m otic pressure,
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v olu m e
,
a nd L D Ha nd s e ru mC R Eand U N w ere exa min ed bythe s a m epr o c edu re. a s
de s cribed in Chapte r1.
Lightmic r o s c opy
T hele氏 kidn ey w as r e m o v ed, fix edin lO% n e utral buffer edfo rm alin(Wako Pu re
C he mic al lndustrie s, Ltd･), e mbedded in par afrl n W a x, S e Ctio n edat5-けm thickn e ss, tained
with H & Eand alcianblue, ande x amin edmicr o s c opic ally.
Im munohisto chemic alstaining ofC O X-1 o rCOM-2 inthe r e n alpapilla
Ase ctio nfr o mtheleftkidn ey w asdepar afFl niz ed, and an antige n w as r eti v ed with
Dako Protein a s eK s olution(D ako Cyto m atio nCo. , Ltd. , Kyoto, Japa n). Afte rincubatio n
with 3 %hydr oge npero xide for5 min, the s e ctio n s w er epr eblo cked with a No n-Spe cific
StainingBlo cking Re agent c o ntaining0.25 %c as ein andc ar rierpr otein(DakoCyto m atio n
Co･
,
Ltd･), andthe n w e r einc ubated witha prim ary antibody o v emight at4oC. AsCO X-1
and C OX -2 prim ary antibodie s, ovin eC O X-1 polyclo n alr abbit antis e r um即o. 160108,
Caym an Che mic al Co. , Am Arbor, M I, USA) and m u rin e COX -2 polyclo n al r abbit
antibody(No. 160106, Caym anChe mic alCo.), r espectiv ely, w e re u s ed. T hes e antibodie s
w e rediluted1:40 with0.1% Tw e e n- Trisbuffer. I mm u n or e a ctiv e c o mple x e s w er edet cted
via an LS A B2 System s- H R P(Dako Cyto m atio n Co., Ltd.) and vis u aliz ed with
diamin obe nzidine(D A B, Dako Cyto m atio nCo. , Ltd.), whichr e a cts withper o xida s etogiv e
abro wn r e a ction pr odu ct. The s e ctio n s w er e c o u nte rstain ed briefly with he m ato xylin. Al
contr ols e ctio n s w e r et ated withn opn m ary antibody.
Ele ctron mic r o s c opy
Sin c e appar e山 m o rphologic alalteratio ns w erelight- mic r o s c opic allyn oted in week 7
fo r n efir ac et am and in w e ek 5 fo ribupr ofe n, ele ctr o n- mic r o s copic e x amin ation w as
▼
pe rfo r m edo nlyfo rthe s epoints. A tiny po rtio nfr o mthele允kidn ey w as r e m o v ed,fix ed in
3 %glutar aldehyde and 2 %o s mic a cid, dehydr ated with alc ohol, and e mbedded in epo xy
re sin･ Thicks e ctio n s w e r e m ade andstain ed withl %toluidin eblu eforlight micro scopic
s u Ⅳ ey. Ultr athin se ctio n s stain ed with u r a nyla c eta土e a ndle ad citr ate were e x amined with･a
tr a n s mis sion ele ctr o n micro sc ope(H-500, Hita chiLtd.).
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Qu a ntitativ er eal-tim eR T-P C Ranalysis ofpapillaryC O X-2ge n e e xpre ssio n
ln as m u ch a sthe e a rly m o rphologlC alfe atu r esin R P N br o ught abo utby n efir a c et am
w e requite differ e ntfr o mtho sebyibupr ofe n, s erialcha nge sinthe r e n alpapillaryC OX ･2
m RN Ae xpres sio n we r ea s sess ed only ln n e丘r ac eta m-tr e ated gr o ups. Tわtal RN A w as
e xtr a ctedfrom an appr o xim ately 40 mg po rtio n ofthe papillafr o mthe rightkidney and
c o n v e rtdto CD N A bythe s am e m ethodde s c ribedin Chapter2 with followl ng Prlm e rS and
TaqM anpr obe sde sign edbyu sing aPrim e rExpr e ss(AppliedBio syste m s). Fo r w ardprim e r,
5' - C T G TG GG C C A GO A G O T C T T+3
'
;Re versepri mer, 5
'
-CAC T C T G TT A TG CTC
CC GCA G-3';TaqM an pr obe, 5
'
-T G C C T GGTC TG ATG A TGT ATG CCA CC13
'
. The
r e aトtim eP C Rdata and an alys e s w e re c olle ctedin Applied Bio system s7700Sequence
Dete ctio n Syste m in str um e nts. T he am ou nt of ea ch gene target is n ormaliz ed to an
e ndoge n o u s c o ntr ol(18 SrR N A, 20汰 Pr e- Dev eloped TaqM an Ass ay Re age nts, Applied
Bio syste m s).
Statistic ala n alys e s
Thequ antitativ edatafr o mlabor ato ryte sts and C O X-2 m RNA expr e ssio n analysis are
r epre s e nted asthe gr o up m e an_＋ S.D. at e a ch sampling point. Forthe data oflabo r ato ry
te sts
,
thefolo w i ng2 an alys e s w e reperfo rm ed, ando nlythe se co ndm ethodw as applied fo r
the r e n alge n e e xpr e ssio ndata:1)pairedt-te stc o mpar ed withpre-do s e valu es wer e applied;
2)theho m oge n eity ofthe v a rian c ebetw e e ngr o ups w as an alyzed byF-testate a chs ampling
point. Stude nt
'
s i-te st or Aspin- Welch
'
s te st w a s s ubs equ e ntly u s ed, depending o nthe
ho m oge n eity. Atw o-tailedpv alu ele s sthan 5 %w a s c o n sider edtobe statistic allyslgnifl C ant.
E X S A Sv e r. 6.10(A rm Co rporatio n), a s oftw arepackage, w a su sedforthes e an alys e s･
Re stllts
Labo r atoryte sts
ln dogs re c el V lng n e丘ra c eta m, de cr e as edu rin ary o s m otic pre s s u r e a nd ate nde ncy of
in c re a slng u rin e v olu me w e r e obse rv edin w e eks 6to 7. Urin aryL D Hte ndedtobehighe r
丘o m w e ek5. Se nlm U Nsho wed so m e whathigher v alu e stha nthatin the pr e-do s e.o r
c o ntr olgr o upthr o ugho ut the study period without a ny re m arkablein cr e a sein seru mC RE･
In dogs gl V e nibupr ofe n, adec reasein u rin ary o s m oticpre ss u re,in cre a s e sin u rin evolu m e
a nd urin aryL D Hand a slightlyincr ea sein s e r u mU Nw er e spo r adic allyn otedin w e ek;1t･o
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5 (Fig･ 7)･ Allalte r atio n s s e e ni ibuprofen we re e arlier a nd s e v e re rtha n tho s e
.
in
n e丘r a c eta m.
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Fig. 7 tTrin a ry o s m otic pre sstlre, urin e v oltl m e, urin a ry la ctate dchydroge n a s e(L D H),
se r u m c re atinin c(C R E)a nds e r u m tl re a nitr oge nPN)valtleSin m ale dogs r e c eiving repeated
o ral administration of n e且ra c eta m at 300 mg/kg/day for 7 w eeks o
'
r ibuprofen at 50
mg/kg/dayfor5 w eeks･
Pre:pre -administr ation . Valu es ar e sho w n a sthe m e a na:S･D･(n - 3-4)･ *P<0･05, signific antly
diffe re nt &o m the co ntrol(Stude nt
'
s t-te st). SP<0.05, SSP<0.01, signific antly diffe rentfr om the
pre-v alu e(Pairedt-test)･
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Lightmicr o s c opy
lndogsgiv e n n efir a c eta m, n otre atm e nt-r elatedcha nge s w e re obs e rv ed by w e ek6･ In
w e ek7, ho w e v e r, epithelials w el ingofthepapillarydu cts(upperpapila)w as s e e nin3 of4
dogs within c r e as ed o sin ophilic- staininginte n sityinthe cytopla s m ofepithelialc els, and
nu clei lo c atedintheba s alside(Table 5 andFig･ 8 C). Dege n eratio n and de squ am atio n of
epithelialc ells w a s s o m etim es n oted(Fig･ 8 C,in s et). T he alcia n-blu e staininginten sity w a s
c o mpar able tothe c o ntr olthr o ugho ut the do 告ing pe riods(Fig. 8 D). Min er aliza‡io n orthe
papilla witho utdete ctable changeininterstitialc ells w as n otedin 2of4dogs(Table5).In
dogs r e c el V lngibupr ofe n, dege n er atio n and n e cr o sis oftheinterstitiu minthepapillarytip
w er e n oted in 2 of3 dogs(Table 5 and Fig. 8 E);ho w e v e r, n o re m arkble change s w er e
n otedin the r e m al n lng PaPila ry du cts･ The alcian-blu e staininginte n slty W as m a rkedly
de c re a s ed in the dege n e r ativ e/n e c rotic are a s of the papillary inte rstitiu m (Fig. 8F).
M in e r aliz atio n ofthepapila was se enin1of 3dogs(Table5).
Im m u n ohisto che mic alstaining ofCOX-1 o rCO X-2 inthe re n alpapilla
ln the C OX-1 staining, the re w er en o slgnific ant differ e n c es am o ngthe c o ntr ol,
n eflr a C eta m
,
andibupr ofbngr o ups(Table5).
Inthe C O X,2staining, theim m u no re actio nin c o ntr ol dogs w a s s e e ninthe cytoplasm
ofinter stitialc elsinthepapilarytip(TableS and Fig. 9A). Indogs re c eivingn efir a c etam ,
tho ughtheim m u n or e a ctio n w as withinthe cytoplas m ofinter stitialc ellsinthepapillarytip
by w e ek6, simila rlya sinthe c o ntr ol,inte rstitialc ells ar o u ndaqe ctedepithelialc ells(upper
papilla)w e repo sitiv elyr e a ctedin we ek7(Table5 andFig. 9B). Indogs give nibupr ofen, a
m arked po sitiv e im m un o r e a ctio n w a s s e e nwithin i･nte rstitial c ells adjace nt to the
dege n e r ativ e/n e c r otic ar e as ofinterstitiu m inthepapilla(Table5 and Fig. 9C).
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Electro n mic r os c opy
ln c o ntr oldogs, epithelialc ells ofthe papilla rydu cts sho w ed a c uboidalappe a ran c e
withthe n u cle u slo c ated in the c e nter ofthe c el
, and short mic r o villi w er e s e e n o nthe
lumin als u rfac e･ Thelater alpla s m a m embr ane w a sinte rdigitated, andtheba s al m e mbr ane
displayed infbldings. Sm al n umbers of mitocho ndria a nd v a c u ole s w er e n oted in the
cytoplas m(Fig･ 10 A)･ Indogs r e ceiving n eflr a C et am , ePithelialc ells ofthe papilaryducts
sho w ed s w elling a nd the micr ovili w eredecr e as ed o r abs e山 . Me mbr a n o u sblebs w e re
n oted o nthelu min als u rfa c e. Intr a c ellularinterdigitatio n andinfoldingsinbothlater aland
ba s al m e mbr a n e s w er ein c o n spic u ou s･ Thes e epithelial c els re v e ald spar se cytopla s m
c o ntainingla rge v a c u oles(Fig･ 10B)A Indogsgiv e nibupr ofe n, n o re m arkble change sinthe
epithelialc els of thepapilarydu cts we re n oted.
COW-2 mR N Ae xpr e ssio ninthe r e n alpapilla
Nefir a c et am e x c e edingly de cr e as ed C OX -2 m RNA e xpr e ssio nin w e ek 4, butit
r e c o v e redtotheゎa s alc o ntr ol le v el in w e eks5to 6. A鮎r w ard,in w e ek7, C O X-2 mR N A
m a rkedlyin cr e a s ed(Fig. 11).
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Fig･ 8 Light mic r ogr aphofthe r e n alpapilla fro m 山 aJedogs r ec elV lng repe ated oral
ad ministratio n ofn erl ra C eta m at3 00m封l喝/day o ribtLPrOfe n at 50 mg/kg/day.
(A, C, a nd E)H & Estaining.(B, D, andF)AIcia n-blu e staining.(A - B)Ir)ta ct c o ntr ol in w e ek 7, Ⅹ
95. (CID)N efira c eta min w e ek7, x 9 5. Epithelials w euing ofthe papillarydu cts w ere se en . In s et:
dege n er atio n ofepithe]ial c ells(higher m agnific atio n), Ⅹ 170･ (E- F)Ibuprofe nin w e ek 5, 互 95･
Degeneratio n ofinterstitiu minthepapilla w as n oted･
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Fig. 9 Im m tIJ10histo chemie al staining of
C O芝 -2 in the r e n al papill且 fro m m ale
d og写 r e C eiving r ep e ated o ml
ad m inistr atio n of n efira c eta m at 300
mg/l喝/day o ribupr ofen at50m 鵬 /day･
Anti- C OX 1 2
,
L S A Bm ethod. (A)Inta ct
c o ntr ol in w e ek7, Ⅹ 140. Po sitiv e re a ctio n
w as n oted in the cytoplas m of interstitial
c ells in the papilla ry tip. In s et: higher
m agnific atio n, Ⅹ 8 60. (B)N efira c eta m in
w e ek 7
,
Ⅹ 140. Inter stitial c ells ar o u nd
affected epithelialc ellsin thepapillarydu cts
sho w ed po sitiv e re a ctio n. (C)Ibuprofe nin
w e ek 5, x 140. Str o ngly po sitiv e re a ction
w a s s e e ni inte rstitial c ells adja c e nt to
dege n e r ativ e/n e c r otic irLte r Stitiu m
in the papilla(a sterisk).(D)Sche m atic ar ea
sho w l ng PO Sitiv eim m u n o r e a ctio n s. The
are a s urro u nded by a bla ck ]jn e(c ontrol),
blu e )in e (n efir a c eta m), o r r ed lin e
(ibuprofe n).
Fig･ 10 Ele ctr o n mic r ogr aph of the papila ry dtlCtfr o m m ale
dogs r e c elVIPg repe ated oral ad ministr atio n of n efir a c eta m at
300mg/kg/day･ Glutaraldehyde- o s miu mfix atiわn .(A)Intactc o ntr ol
in w e ek 7
,
Ⅹ 6500･ No - alstru ctur es ofepithelial c ells w erese e n.
(B)Ne丘ra c eta min w e ek 7, Ⅹ 6500･ Epithelialc ells ofthepapillary
du cts show eds w elling and de cre as ed microvilli. M e mbr an otlSblebs
w er e noted on thelu min al s u rfa c e(a rr o w). Interdigitatio n a nd
infol dings in both late r al a nd ba s al lll e mbr a n e s
w erein c o n spic u o u s(a Ⅲ･o wbead).
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Fig･ ll C O 芝-2 mR N Aexpr es sio n ofthe re n alpapila in m ale dogs
r ec eiving repe atedo r alad ministr atio n ofn erlra C eta m at 300mg/kg/day.
Valu e s ar e sho wn a sthe m e an±S. D.(n - 3-4).
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Dis 柑 S S孟o m
Asde s c ribedin Chapter1, n eflr a C eta m C au sedR P Nonlyindogs administe redat3 00
mg/kg/day o v erllweeks, n a m ely, de cr e as e sin u rin a ry o s m otic pr e s s u r ew reobs e rv ed
fr o m w e ek 5
,
follow ed byin c re as e sin urin evolu m e a nd urin aryL D H fr o m we ek 8. The
initialrenal m 叩 hologl C al cha nge w a s ne cr o sis ofdu ctalepitbelialc ellsinthe papillain
w e ek 8･ Inthepr es e ntstudy, to clarifythe e arlierpathophysiologic al fe aturesin R P N, m ale
be agle dogs w e r egiv e n o r ally 300mg化g/day of n eflr a C et am fo r4 to 7 w e eks, in
c o mparis o n with 5 0mg/kg/dayofibupr ofe n, a N S Al D,fo r5 w e eks, a ndthelabo r atoryte sts,
light- micr oscopic, im m un ohisto che mic al and ele ctr o n- mic r o s c opIC e x amin atio n s, a nd
C O X-2 mR N Aanalysis w e r eperiodic allyperfo rmed.
Inlabo r atorytests, de cr e as edu rin ary o s m oticpr e ss u r e a ndin c re a s ed urin e v olu m ein
w e eks 6to 7 ofn efira c et am tr e atm e nt w e re e s s entialy c o n site nt with thos e obtainedin
w e ek 8 ofthe pr evio u s studyin Chapter1, but a nin cr e a s ed u rin ary L D H le v el w as
obs e rv ed e arlier(w eek5)I Alte m ativ ely, the s epa r am eter s w e re re c o nfl rm edtobe u s eful
e arlybio m arkerstodete ct the o n s et ofR P Ne v oked byn eflr a C et am ･ Ibupr ofe n als o elicited
de c re a s ed u rin ary o s m otic pr e s s u r e, In c re a s ed u rin e v olu me and in cr e as ed u ri n ary L D H,
altho ughthe re w as agre atinterindividu alv aria n c e･ The o n s et ands e v erity ofthe s e changes
byibupr ofe n w e r e e a rlier andstr o nge rthanthoseby n efir a c et am, which w o uld be clos ely
linked withn e c r o sis oftheinter stitiu min thepapila rytip obs e rv ed onlyin theibupr ofen
group as m e ntio n edbelo w
Ligbt- micr o s c opic ally,in dogs re c el V lng n e丘r ac eta m, n o cha nges w er e s e e ninthe
kidn eyby w e ek61 In w e ek7,ho w e v e r, epithelials w elling and dege n er atio n ofthepapillary
du cts appe ar ed a c co mpa nied with a po sitiv eim m u n o r e a ctio nto C O X-2 withininte rstitial
c ells aro undthe afrTe cted epithelialc ellsin the upperpapilla･ U ltra stru ctu ral1y, epithelial
s w elling, de cre ased or dis appe ar ed mic r o villi, and blebbing o nthelu minals u rfac e w er e
n oted withr eductions of intr ac ellularinte rdigitatio n andinfbldingsinboth later al and ba s al
m e mbr anes･ In c o ntr a st
,
tr e atm e nt withibupr ofe n r esultedindege n er ation and n e cr o sis of
theinter stitiu m in the papilla ry tip l n W e ek 5; ho w e v er, n o re m arkable changes w er e
obs e Ⅳ ed in the r e m al nl ng p 叩illary du cts. In the C o 東-2 staining, unlike the ca s e with
neflr a C et am
,
ibupr ofe n sho w ed a po sitiv e r e a ctio n within inte rstitial c ells adjac e nt to
dege n er ativ e/ne c r otic ar e asinthe papillarytlP･ Ultra stru ctu r aly, n o cha nge sin epithelial
c ells of the p 叩illary du cts w er e n oted･ Thu s, the s edata implied that the e arly
44
m orphologlC al alter atio nin the papila br o ught abo utby n efira c et am w a squite di 触re nt
fr o mthat elicitedbyibupr ofe n･ Bothn efir a c et am a nd ibuprofe n sho w ed min er aliz atio nin
the r e n alpapila s ugge stingthepr e- e xiste n c e of da magedr egi o n s.
●
As fo rthe CO X-1 staining, ther e w ere n o slgnific antdiffere n c e s a m o ngthe co ntr ol,
n efir a c eta m a nd ibupr ofe ngr o ups･ Gener aly, Co 東-1ha sbe e n r epo rted a s a constitutiv e
is ofo r mha vingho u s eke epi ngfu n ctio n s, whe re a sCOX -2 is anindu cibleis ofor mindu c ed by
inflam matorystim uliorgr o wth fa cto rs(21,23, 62). M o re re c e ntstudie sha v e s ugge stedthat
C O X･2 is als o expre s s ed in the r e n al m edulla and isthe m ajoris ofo r m c o ntributingto
●
m edullary PG ge n e r atio nin viv o, e spe ciallyin dehydr atedsubjects(33, 43). Selle rs et al.
ha v efu rther sho wnthatC OX-1isthe m ainis ofo r min v olv edinthe synthe sis ofre nalPGs
in n o n-hu m anprl m ate S and hu m an s while both COX -l and C OX -2 c o ntribute in the
synthesis ofre n alP Gs u nde rbas alc o ndito n sin r ats and dogs(52). He n c e, C OX -2 w a s
co nfir m edto play m o r eimpo rta ntr ole sthan COX -1 in the pr ogre s sio n ofRP Nin dogs
gl Ven n efir a c eta m.
In the r e n al papilary C OX -2 expr es sio n, nefir a c eta m m arkedly de cr e as ed its
e xpr es sio nin w e ek4, but r etu m edto thebas alc o ntr ol le v el in w e eks 5to 6. In w e ek7,
CO X-2 mR N Ae xtr e m ely I n c re a s ed a s c ompar ed with the c o ntr ol. The refo re, it w as
●
c o n side r edthat n efir a c et am e x c e edinglydepr es s ed C OX -2 mR N Ae xpr e ssio n atthe e a rly
phas e, follo w ed by. a c o mpe nsating In c r e a s e, andthe n m arked upr egulatio n w as se enin
r e spo n s eto the pr ogr e s sio n ofre n al injurie s with c o ntin u o u str e atm e nt. T his ass umptio n
w a spartlys uppo rted bythefa ct that thepo sitiv eim m u n o r e a ctio nto C OX -2 w a sin cr e ased
intheinter stitialcells ar o u nd the affe ctedepithelialc ells of the uppe rpap叫ain w e ek7.
Itha sbe e n r epo rtedthat the epi也elia pr o m ote orga nbo m e o stasisby re strictingthe
flo w of io n s and solute sbetw e e n c ells a cr o s sthe epithelialc ells, and the inte r c ellular
Ju n Ctio n alc o mple xes s uch asthetightjun ctio n, adher e n sjun ctio n, andde s m o s o m e s ar e
impo rta山 to m aintainthe c elトc el conta ct(15, 19, 29). Ba cb皿 a m et al. ha v ede m o n str ated
tbat 也e epitbelia (espe cially when s alt s e cr etio nis stim ulated) exhibit a n elabo rate
"intr a c elular m e mbr an o u slabyrinth
n
cr e ated by c ellularinte rdigitatio n andinfoldings of
theba s olater al m e mbr a n e(8). Goto et al. ha v epr e vio u slysho wnthat M -18, a metabolite of
n e丘r a c eta m
, redu c estr a n s epitbelial ele ctric r e sita n c e(T E R)in the prim ary cultu red
u roepithelialc ells ofc a nin e urin arybladder, andM -10and M-18 displayedadefo rm ation of
u r o epithelialc ells and a slightr edu ctio n ofthe Z O-1band, which is an e ssentialprotein
a ss ociating withthetightju n ction(20). Like wis e, w ehave r epo rtedthat the c o n c e ntr ation
45
r atio ofM -18in the papillato m edulla or c o rtexis r e m a rkablyhigherin dogstha nin rats
a nd m o nkeys, a ndthat M -18po ss e ss edinhibito ry effe cts o nP Gsynthe sisin c anine r e nal
papilary slic e s(Chapter1)･ Bytakinginto a c c o u nt afo re m e ntio n ed findings, we pr opo se
the folow lng m e cha nis m u nde rlying RPN e v oked by n eflr a C eta m :the redu ctio n s of
intr a c ellularinterdigitatio n a ndinfbldings a土both later ala nd ba s al m embra n e sin epithelial
c els ofthe papillary du cts m ay initialy ln a Ctiv ate the par a c ellulartr an spo rt･ This is
follo w edbyde c re a s ed c ellularintegrity, a ndthe nM -18pe n etr atio n andr ete ntio nintothe
r e n alpapila o c c u r･ M -18 inhibits r e n alpapillaryPG synthe sis, andc ertain a nim alsfin ally
in c u ris che mic I nju rydu etode cr e as edPGsynthesis.
●
In c o n clu sio n
,
the e arlie ste v e ntin R PN evokedbyn eflr a C eta misquitedi 飽re nt丘o m
thatbyibupr ofe n･ The epithelialc ellsinthe papillaryducts ar ethe pri m arytargetSitefo r
the o n s etofR P Ne v oked bythe n efir a c eta m.
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The re s ults obtain ed inthepr e s e ntinvestigatio nle adtofolowing con clu sio n s(s e e a
s che m ede s cri bedbelow)･ In n e丘ra c et am -indu c ed R P N, urin ary o sm otic pre s su re, v ol um e
and L Dflw ere us eful bio m arker sin the e a rly pha s e of the o n s et. Fro m the an alys e s ofthe
u rln ary and re nal con stitu ents, chaJlge Sin re n alpapillary clu sterin mR N Ar efle ctedthe
pr ogre s sion or s e v e nty of R P N, where asupregulatio n oftis sue kalikreinm R N Aplayed a
subs equ e ntly c o mpens ating rolein the pre v e ntio n of R P N. Asthe m e chanis m underlying
the o n set of R P N, n efir a c eta m fir stalteredc elularintegrity of du ctal epithelia inthe re nal
papilla a nd c o n sequ e ntly M -18, a metabolite ofn e丘raceta m, pe n etr ated a ndr etain edinlo 血e
re n alpapillale adingto anintr a ren algr adie nt o nlyin dogs. Finally, M l 8inhibitedr e n al
papillaryP Gsynthe sis r e sultingin indu ctio n ofische mic Injuriesin individu als ha vingthe
lo w e stba sal P Gsynthe sis and e v e ntu allyR P N.
Nerl ra C eta mtr e atm e nt
Jユ
Sw ellingldcge II e r atio n a nd Ae CrO Sis ofthe epithelialc ellsin thepapilla rydu ct
車≡買
Pe n etratio nof M-18 into thepapillale adingto a nintr ar eJ)algradie nt
T heLo w e stbas al P G in dogs
ReJativ elyTligb ”
-1Spe n etr atio nil]dogs Dtt● 一
一 一 ■
■
■ 一 一
一I
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Lo w M -]8c o n c e ntratio 山in rats
flighba s al P G jn m o nkeys
Is chemic da mage restLlted fr o mde c r ea s ed re n al P Gsyn(he sisdtletO M -1 8
cJtJSte rinI:
pr ogr e s 5io J) Ofn e c r otic cha nges
Tis s u ekalljkr ein T:
c o mpe n s atingv a s odi】ativ e a ctio n
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e S S u r eJ, v olu m e†,
O ns et ofr en alpapilla ry ne cro sis o nlyin c e rtain dogs
Po ssible m e cha nis m u nde rlyingthe o n s etofc a nin eR P N indtLC ed by n efira ceta m
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